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THE PROBLEM OF AN ETHER’ 


by 
Tue Rr. Hon. VISCOUNT 


(1) 

Newton held that there must be a 
medium pervading the universe and all 
bodies in it: he suggested that it was 
‘exceedingly more rare and subtile than 
the air and exceedingly more elastick and 
active.’ Until the latter part of the 
nineteenth century, physicists generally 
accepted the idea of an ether—quasi- 
gaseous, as Newton thought, or else an 
elastic solid. But valid objections were 
raised to this, clinched by the null result of 
the Michelson-Morley experiment. That 
idea was abandoned, and no-one now 
proposes to revive it. Certainly that is 
not the purpose of this paper. 

Nevertheless there must be a medium. 
Action at a distance has been held to be 
an impossibility by most philosophers, as 
well as by many physicists, including both 
Newton and Einstein. Direct observa- 
tion, of the simplest character, confirms 
this. When the sun is shining we feel its 
warmth and see by its light; if I raise 
my hand to shade my eyes, the sun’s rays 
are impeded ; if a cloud comes across, 
the day turns colder and darker ;_ when 
the moon eclipses the sun, the rays are 
stopped altogether. It is undeniable that 
some process must be going on all the time, 
at the level of my hand, at cloud level, at 
moon level, and everywhere else, all the 
way from the sun to the earth. Further, 
we know that these events are not in- 
Stantaneous, but take time; there is 
therefore some kind of consecutive action 
proceeding. As a recent text-book on the 
‘Theory of Light’ says, ‘ We cannot con- 
ceive of energy disappearing at the sun and 
re-appearing at the earth after an interval 
of eight minutes without having been 
propagated continuously in the interval 
through the intervening space.’ 

I turn on my radio-set in London and 


* Paper read to Section A (Physics and Mathe- 
matics) at Edinburgh, on August 10, 1951. 


SAMUEL, G.C.B., G.B.E. 


tune in to a certain wave-length : at once 
I hear a programme that is being broadcast 
from Paris: I change to another wave- 
length and I hear Rome. Evidently all 
the time that the stations within range are 
operating, the air around me is being 
continuously crossed by radiations. But 
although we may speak colloquially of a 
programme being ‘ on the air’ we know 
that it is not the air that carries the radia- 
tions. There must therefore be something 
else that carries them. 

My first submission is that it must be 
accepted, as a given fact, that a medium 
of some kind exists, as a constituent 
element in the physical universe, capable 
of transmitting electro-magnetic radiations. 

I would add a saying of Faraday, ‘ It 
is not at all unlikely that, if there be an 
ether, it should have other uses than 
simply the conveyance of radiations.’ 


(2) 

During the half-century that has elapsed 
since the abandonment of the earlier 
ether theories, physicists have accepted 
the answers to all such questions offered 
by the Relativity Theory. As a basis for 
the universe there is assumed to be a 
Spacetime Continuum. This has proper- 
ties analogous to ‘curvature,’ ‘ distor- 
tions,’ ‘ hills and declensions,’ which could 
mathematically account for the observed 
phenomena. Radiation, gravitation, mo- 
tion of all kinds, are to be regarded as 
results of what are termed ‘ the metrical 
properties ’ of spacetime. 

Invaluable as the main propositions of 
Relativity have been in clarifying some 
of our chief problems, among philosophers 
few have accepted this particular hypo- 
thesis. The reason is that the Spacetime 
Continuum is purely a mental concept. 
Space itself, Time also, have no objective 
reality. They are the names that human 
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language gives to patterns of relationships 
among events and among objects. 

In fact the whole mathematical ap- 
paratus—numbers alegbraic symbols ; 
Euclidean points, lines and planes ; longi- 
tude and latitude ; statistics, probabilities 
—all these, together with space and time, 
are abstractions invented by the human 
imagination. They are indeed, not merely 
valuable, but indispensable as tools of the 
intellect. They have enabled marvels 
of discovery to be achieved. But they 
are not of the same order as events or 
objects in nature. They can give us 
measurements ; they can enable us to 
make predictions. But they are not 
dynamic. They cannot, of themselves, do 
anything in the real world. They cannot 
convey broadcasting waves from Paris to 
London, or light and heat from the sun to 
the earth ; or let the moon lift the tides of 
the ocean; or keep the stars and the 
planets circling eternally. 

The second point I would submit for 
your consideration is that no mathe- 
matical process, no mental concepts of any 
kind, can provide us with a medium cap- 
able of producing any sort of phenomena 
in the world of nature. 


(3) 

Gravitation is also one of the problems 
still outstanding. ‘ Although gravity,’ 
says Sir Edmund Whittaker, ‘ was the first 
of the forces of nature to be brought 
within the domain of exact science and 
represented by a mathematical formula, 
and although a prodigious amount of 
highly successful work has been done in 
the development of the theory, yet the 
fundamental physical problems connected 
with it are almost as perplexing today as 
they have ever been.’ 

The same is true of Motion itself. I 
hold a ball in my hand and let go of it; 
it drops immediately to the ground under 
the influence of the earth’s gravity. But if 
I impel it by a throw of my arm and then 
let go, it does not drop immediately to the 
ground. We say that it has ‘ acquired 
momentum, or impetus’; that it ‘ pos- 
sesses energy. What do those words 
imply when we try to account for the fact 
that an object, in itself inert,—a thrown 
ball, a shunted railway-truck, a shell fired 
from a_ battleship—continues to move 


when the force that has initiated the 
movement has ceased to operate ? What 
do physicists mean, in terms of actual 
process, when they use those words 
‘acquire ’ and ‘ possess’ ? ‘ Momentum’ 
itself is defined as ‘mass multiplied by 
velocity ’: but can terms such as ‘ mass’? 
and ‘velocity’ have physical potency ? 
To claim that would be a reversion to 
medieval scholasticism. 

Let me give one other example. The 
revolutionary discovery by J. J. Thomson 
and Rutherford of the structure of the 
atom has been followed by many other 
discoveries : among them, in recent years, 
that new particles may be formed, in the 
laboratory or in space. Some of these 
may be permanent, others endure for 
considerable periods, and others prove 
evanescent. These new particles may 
unite sometimes to form atoms, and the 
atoms may consolidate into molecules, 
molecules into material objects. This 
gives us the Theory of Continuous Crea- 
tion, which is likely to have a profound 
effect upon our thinking. At once the 
question presents itself—what is the matrix 
out of which these particles are formed and 
into which they may relapse by diffusion ? 
On this Mr. Hoyle says, ‘ from time to 
time people ask where the created material 
comes from. Well, it does not come from 
anywhere. Material simply appears—it 
is created. At one time the various atoms 
composing the material do not exist and 
at a later time they do. This may seem 
a very strange idea and I agree that it is, 
but in science it does not matter how 
strange an idea may seem so long as it 
works,’ 

It is doubtful whether such a theory as 
this could possibly be accepted as a final 
answer, by science, or by philosophy, as it 
would certainly be rejected by common- 
sense. 

Physicists in the laboratory are con- 
tinually experimenting with light-waves, 
measuring them, timing them. Broad- 
casting engineers, listeners also, speak 
familiarly about long-waves, medium- 
waves, short-waves and ultra-short ; navi- 
gators of ships and planes have their 
radar-waves. But a wave is nothing 1n 
itself. It is a form, a pattern. It cannot 
exist apart from something else that 1s 
being patterned. There could be no 
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waves in the sea if there were no water ; 
no sound-waves passing in a room if there 
were no air. And there could be no 
light-waves or radio-waves if there were 

If there were no—what ? 

There is our problem. It is a real 
problem. It is pressed upon us insistently 
by the real world. But the school of 
mathematical physicists gives us at present 
no answer ; nor to such other problems 
as the nature of gravitation and of 
motion in general ; or again the origin of 
new particles. As Whitehead says, 
‘Mathematics is now being transformed 
into the intellectual analysis of types of 
pattern. . . . The essential characterisa- 
tion of mathematics is the study of pattern 
in abstraction from the particulars which 
are patterned.’ He speaks also ‘ of con- 
fining thought to purely formal relations 
which then masquerade as reality. ... 
Science relapses into the study of differen- 
tial equations. The concrete world has 
slipped through the meshes of the scientific 
net.” He concludes, ‘ There can be no 
true physical science which looks first to 
mathematics for the provision of a con- 
ceptual model. Such a procedure is to 
repeat the errors of the logicians of the 
Middle Ages.’ 


(4) 

I shall be asked : If you insist upon the 
existence of a medium ; if you reject the 
nineteenth century, and earlier, concep- 
tions of an ether ; if you also reject the 
Spacetime Continuum of Relativity— 
what different suggestion have you to 
offer ? 

Before submitting a suggestion, I have 
to anticipate one objection that will 
certainly be raised to it. I shall be dealing, 
of necessity, with unobservables. But most 
present-day scientists contend that precise 
observation is the only road to scientific 
truth: any speculation or hypothesis 
which passes beyond the range of present 
or possible observation must be ruled out 
from the beginning ; it is not entitled even 
toa hearing. To this I would answer :— 

First: although this is constantly ad- 
vanced as though it were an axiom of 
science, in practice scientists never have 
-— and do not now act on that 
rule. 
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Eddington was continually emphasising 
this. He wrote, for example: ‘ For the 
reader resolved to eschew theory and admit 
only definite observational facts, all astro- 
nomical books are banned. There are 
no purely observational facts about the 
heavenly bodies. Astronomical measure- 
ments are, without exception, measure- 
ments of phenomena occurring in a 
terrestrial observatory or station; it is 
only by theory that they are translated 
into knowledge of a universe outside.’ 
They are translated through inference. 

The science of geology, one may add as 
another instance, rests mainly upon in- 
ferences based upon observations. Indeed 
all the sciences have to employ the method 
of inference. Bertrand Russell said not 
long ago, ‘I think myself that the prin- 
ciple of rejecting unobservables, while 
admirable in so far as it is practicable, is 
not one that can be put through com- 
pletely if science is to survive.’ 

Second : how is it that the school of 
scientists who are the most rigid in reject- 
ing unobservables are also those who are 
the most ready to accept a Spacetime 
Continuum, or metrical properties of 
space, as a foundation? Can these be 
observed, and measured, and made objects 
of experiment in the laboratory ? 

Third : inference is as legitimate a pro- 
cess of thought as any other. It is indeed 
the ground for most of our decisions and 
actions in daily life. It leads us into many 
mistakes ; but it does enable us—and the 
other animals—to find our way about the 
world. No doubt inference is less reliable 
than observation. Either indeed may 
mislead—witness our direct observation, 
as men thought, of the sun and all the 
heavens revolving daily round the earth. 
That is reason for caution, and for the 
greater caution in cases of inference. But 
it is not a reason for holding that its results 
are necessarily worthless. 

Looking about for some fresh line of 
approach, I need not then be inhibited if 
it is non-mathematical and if it passes 
into the province of the non-observable. 
I must, indeed, if I am to carry conviction, 
take my starting-point well within the 
bounds of observed facts, capable of ex- 
amination and verification by the strictest 
methods of the exact sciences. But there 
may be cases in which inference may carry 
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me legitimately from the known into the 
unknown, as it has served to do times 
without number in the history of scientific 
speculation. 


(5) 

I start from an element in the universe 
which is not merely known, but familiar 
to everyone everywhere ; a factor which 
we use for our own purposes every day 
and every hour, as freely as we use the air, 
or the water, or the soil—it is Energy. 
Examine the phenomena of light, heat, 
motion, weight, as well as electricity or 
radio, push the analysis to the farthest 
point, and always we find ourselves with 
manifestations of energy. 

But some physicists may contend that 
here again we are back in the world of 
mathematical concept. Lord Cherwell, for 
example, in a book on ‘ Quantum Theory,’ 
writes : ‘We maintain that energy is just 
as much a statistical concept as tempera- 
ture.” Ought that principle to be ac- 
cepted ? When a flash of lightning splits 
a tree and kills the cattle around it ; when 
the fission of atoms destroys a city and its 
population ; when the pull of the moon 
brings the tide creeping up the sands ; 
when light from a galaxy travels for 
hundreds of millions of years and finally 
affects the chemical composition of the 
film of a photographic plate in an obser- 
vatory—are these the work of a statistical 
expression ? 


(6) 

The suggestion which I venture to sub- 
mit is—that an ether exists ; that it con- 
sists of energy and is a continuum ; and 
that it is the sole constituent of the 
material universe. 

But this by itself would not carry us far 
in the quest for a basis for phenomena. 
Energy, simply, would imply activity ; 
and an undifferentiated continuum of 
active energy could only be a raging chaos, 
like the perpetual explosion of an infinite 
number of atom bombs. We find, however, 
again and again in nature that a single 
entity may exist in different states, two, 
or sometimes more than two. The same 
molecules of water may be at one time in a 
solid state, at another time liquid, at 
another gaseous. If a copper wire con- 
nects a lamp with an electric battery, 
something in or about the wire is evidently 


in a state of activity when the current js 
passing, and of inactivity when it is not. 
In the different field of physiology, cells 
in a brain may pass, in memory or in sleep 
from activity to quiescence and back again. 
If we conceive that energy exists in two 
states—quiescent and active, and can pass 
easily from one to another, that would be 
a further example of one of nature’s most 
familiar expedients. 

The notion that the physical universe 
consists at bottom of an energic ether is in 
accord with the view that was held by one 
of the greatest of modern physicists—J. J. 
Thomson. Towards the end of his life 
Thomson wrote this to a correspondent : 
‘I differ from you about the value of the 
conception of an ether, the more I think 
about it the more I value it. I regard the 
ether as the working system of the universe. 
I think its mass, momentum and energy are 
constant, so that Newtonian mechanics 
apply.’ 

The further idea that energy may be at 
one time active and at another quiescent, 
corresponds substantially with the view 
held by two other eminent physicists. As 
long ago as 1900 H. Poincaré foreshadowed 
the principle that all energy has the pro- 
perty of inertia. Is not this equivalent 
to saying that any energy may at one time 
be inert and at another time not inert? 
In relativity theory, the principle of 
“systems of inertia,’ which plays so large 
a part, is difficult to translate into terms 
of the real universe. But, in a book which 
appeared in 1950, Einstein has included a 
paper, previously unpublished, in_ the 
course of which he says: ‘ The most 
important result of the special relativity 
system concerned the inert mass of a 
material system. It became evident that 
the inertia of such a system must depend 
on its energy content, so that we were 
driven to the conception that inert mass 
was nothing else than latent energy.’ 

Inertia is not the same thing as non- 
existence. Here we find Einstein con- 
firming Poincaré when he says that energy 
may exist in a latent form. Whether we 
use the word ‘ latent,’ or ‘ potential,’ or 
‘inert’ or ‘quiescent’ is unimportant. 
What is of the first importance is that these 
leading authorities agree that energy may 
exist in one or other of two states, active 
and not-active. And this is the essence 
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of the proposition that I am offering for 
your consideration. 


(7) 

The following consequences may be 
drawn. 

All physical phenomena would be con- 
ceived as originating in transitions from 
quiescent energy to active and from active 
to quiescent. By what impacts this acti- 
vation may be induced would be an 
object of study, if it were thought worth 
while to pursue this line of inquiry. 
Waves, and probably particles also, would 
be regarded as patterns of activation ; the 
ether being the ‘ something else ’ which is 
patterned. For reasons into which I 
cannot here enter, activation must have 
a threshold, a critical point, like a freezing- 
point or boiling-point, below which the 
impact would be ineffective. If and when 
the effect of an activation became spent. 
by diffusion or otherwise, the ether would 
relapse into quiescence. 

If we try to frame a conceptual model 
of such a system it would appear as a 
universal ocean of energy, each part in a 
state normally of quiescence, but with 
waves of radiation constantly flickering in 
it; and numberless particles forming, 
and either enduring or dissolving. 

To trace the manner in which the 
various observed phenomena may arise 
in this system cannot even be approached 
in a short paper such as this. And it isa 
task that would properly belong to the 
theoretical or practical physicist, and not 
to someone who is only a student of 
philosophy and merely an observer in 
science. Nevertheless I have attempted 
to do this in outline in a short book 
recently published, with the title Essay in 
Physics ; in the preparation of which I 
have had the great advantage of the advice 
and guidance of several of our leading 
physicists, for whose kind help I am most 
grateful. There I have discussed the 
bearing of a principle of a Two-state 
Energic Ether upon each of the problems 
that have been mentioned in this paper, 
with the addition of the vexed question of 
wave-particle duality. I can do no more 
today than refer anyone who may be 
interested to that little book. 

But I would wish now to emphasise that 
the conception of quiescent energy, as the 
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essence of the whole matter, is not put 
forward as a logical assumption invented 
to account for phenomena otherwise 
inexplicable, and to be accepted or re- 
jected according to taste. It is put for- 
ward as a necessary inference from the 
occurrence of phenomena, the reality of 
which is not contested. 

The general scheme submitted here 
might be found to continue to sustain the 
great mathematical systems of Clerk 
Maxwell, of relativity theory, of quantum 
mechanics, and of electronics generally. 
There would necessarily be some changes 
of nomenclature. In the course of his 
recent book to which I have referred, 
Einstein expresses dissatisfaction with the 
Field theory which had been so widely 
accepted. He says: ‘ Many scientists 
have zealously sought to complete the 
Field theory by some generalisation that 
should comprise a theory of matter ; but 
so far such efforts have not been crowned 
with success. . . . For the time being, we 
have to admit that we do not possess any 
general theoretical basis for physics, which 
can be regarded as its logical foundation. 
The Field theory, so far, has failed in the 
molecular sphere.’ The energic ether 
would now fulfil the functions assigned to 
the Field, or to the Spacetime Continuum, 
or the metrical properties of space. 
Quiescent energy would play the part of 
the Inertial Systems. With respect to 
Quanta, it might possibly prove that 
Planck’s Constant 4, which appears so 
mysteriously in so many ways in the theory 
and practice of modern physics, may indi- 
cate the critical point in the transition 
from quiescent energy to active ; that the 
‘action,’ of which it is the unit, may be 
the ‘ activation ’ which would become the 
mainspring in the mechanism of the 
universe. 

To avoid misunderstanding I must add 
one further word. I have been careful 
throughout to limit what I have said to 
the physical or material aspect of our 
problems. I have said nothing about the 
vital or mental, or the divine, elements in 
the universe, which many will hold—and 
I count myself among them—to be as real 
as the other. All are inter-connected, 
but they are not the same; and, apart 
from the province covered by biochemistry 
and biophysics, they need separate study. 
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Although it would be some simplifica- 
tion of the problems of cosmology if it 
could be found that the material constitu- 
tion of the universe was unitary, those 
other problems would still remain. ‘ Under 
every deep a lower deep opens,’ said 
Emerson. But that need not dishearten 
us, either in confronting the problem we 
have been considering, or the others that 
will come after. Science in its brilliant 
advance, and especially in the last three 
centuries has found answers to many of 
the questions which to primitive man, and 
to the Greeks, and to the medieval school- 
men, would have seemed far beyond the 
reach of the human mind. Many a deep 
has been sounded already. And that 
may encourage us not to fear to explore 
the next; in the spirit of fearless, 
never-resting inquiry which can alone 
guarantee the continued advancement 
of science—the object of this illustrious 
Association. 
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HUNDRED YEARS OF GEOLOGY, 1851-1951’ 


Sr EDWARD BAILEY, F.R.S. 


In 1851 the Prince Consort opened at 
Jermyn Street the Museum of Practical 
Geology, with its School of Mines, to 
function under De la Beche, Director 
General of the Geological Survey. The 
Survey itself had been founded in 1835, 
largely owing to De la Beche’s initiative. 
It ranks as the second national research 
institute to be started in Britain. The 
first is the Royal Observatory dating back 
to Charles II, who followed a lead given 
by France. 

The Prince Consort was 70 years ahead 
of current political opinion in this country 
in his desire to link closely together 
science, art, industry and the intimate life 
of the people. In De la Beche he found a 
man after his own heart, who from the 
first had sought to supplement the field 
research of his Survey not only with 
laboratory research, coupled with exposi- 
tion, in a suitable Museum, but also with 
teaching in a School of Mines. This last, 
he hoped, might come to rival its famous 
prototypes in Freiberg and Paris; and 
when we recall the names of Professors who 
served it in early Jermyn Street days, men 
such as Frankland, Hofmann, Hooker, 
Huxley and Stokes, to mention only those 
honoured with the Copley Medal of the 
Royal Society, we are almost over- 
whelmed by recollection of its early 
catholicity and brilliance. 

There was one point on which the Prince 
and De la Beche did not see eye to eye. 
The Prince regarded it as a chance 
circumstance that the original Director 
General of the Geological Survey was 
eminently suited to guide an association 
of chemists, physicists, mining experts, 
metallurgists, biologists and geologists ; 
whereas De la Beche thought that leader- 
ship in this matter naturally belonged to 
a disciple of the Science of the Earth, 


‘ Paper read to Section C (Geology) at Edin- 
burgh on August 13, 1951. 


modestly underestimating the exceptional 
quality of his own personality. Thus the 
Prince looked forward to eventual sub- 
division of De la Beche’s command much 
on the lines that have led to the establish- 
ment of the Imperial College of Science 
and the various independent Museums in 
South Kensington—the latter I always 
think might fitly be called Princeconsort- 
land. The fulfilment, however, of this 
princely dream was delayed by the expense 
of the Crimean War, the premature death 
of its author, and the prestige of the first 
two Director Generals of the Survey, De 
la Beche and Murchison. 

In passing we may note that the Prince 
found a second helper of exceptional 
administrative calibre in the ranks of the 
Geological Survey, one moreover who 
supported his ideals without reserve. 
This was Lyon Playfair who acted as a 
Commissioner in the organisation of the 
Great Exhibition. Playfair resigned from 
the Survey in 1853. No other member 
of staff has attained such intimacy with 
royalty as to become a Gentleman of the 
Bed Chamber ; and he alone has been 
accorded a peerage. 

Before I turn away from this side of the 
subject, I must remind you that the 
interest which the Great Exhibition 
aroused throughout the United Kingdom 
was one of the causes of the extension of 
the Geological Survey into Scotland in 
1854. It happens in the present centen- 
ary year that the first Bulletin of the 
Colonial Geological Survey makes its 
appearance. We all wish it a long and 
prosperous career. 


There is another reason why Exhibition 
year, 1851, is particularly honoured by 
geologists. It saw the publication of the 
paper in which Sorby extended micro- 
scopic petrology by the use of thin slices. 
Sorby had probably learnt the technique 
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indirectly from Nicol, of prism fame ; and 
it is a curious coincidence that Nicol died 
this same year, 1851. He is buried in his 
native Edinburgh. 

The field opened up by Sorby a hundred 
years ago is one of the richest in geological 
research. His method has made visible 
much that previously lay completely 
hidden. What leaps to the mind are the 
labours of the great German petrologists, 
such as Zirkel and Rosenbusch. While, 
however, we think with reverence of the 
triumphs of these giants, we do not 
altogether forget the gallant and success- 
ful struggle by Allport to establish a 
uniformitarian classification of igneous 
rocks with no split at the beginning of 
Tertiary times. Speaking in Edinburgh, 
in sight of Traprain Law, it is natural 
to recall that Scotland provided the 
first pre-Tertiary phonolite known to 
Science. 

Uniformitarianism holds good amongst 
igneous rocks, only if we are prepared to 
take broad views in time and _ space. 
Parochialism of the highest significance is 
summed up in Judd’s conception of 
provinces, and Idding’s of consanguinity. 
We are here brought face to face with 
questions of origin, and we take sides in 
the unending battle of magma versus 
migma, fought to-day, as in the past, in 
every country. It is interesting for a 
Britisher to recall that Ramsay, often 
claimed by his countrymen as the best 
field geologist of his day, avowed in 1866, 
as his mature opinion, that granite is a 
metamorphic rock resulting from heat 
with the aid of alkaline waters! He was 
speaking as President of Section C at 
Nottingham. He had a numerous follow- 
ing, ready on occasion to apply very similar 
views even to dolerite. Thus the me- 
ticulously careful Clough in 1880 argued 
for an assimilation origin of much of the 
Great Whin Sill in Teesdale—his reasoning 
was based on room considerations. 

When I joined the Scottish Survey staff 
49 years ago, Goodchild, but no longer 
Clough, persistently advocated the same 
proposition in relation to all the dolerite 
sills of Scotland. At the time, mining evid- 
ence was thought by many to support this 
contention ; but the Survey revision of 
the Scottish coalfields has proved the 
exact reverse. Still the fight continues ; 
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but now for the most part it is restricted 
to the environs of granite, where at any 
rate all agree that there are mountains of 
migmatite, whatever their meaning. 

It is a relief sometimes to turn from 
observational to experimental science, 


though, as Hutton early emphasised, many | 


geological phenomena are on a scale that 
is apt to render laboratory attempts at 
interpretation dangerously misleading. In 
the earlier half of our post-Exhibition 
Century, Daubreé of Paris was the out- 
standing successor to James Hall of Edin- 
burgh. In the latter half, the most 
characteristic and important geological 
happening, with one exception, was, in 
my opinion, the founding and progress of 
the Carnegie Institute, Washington, D.C, 
Its development of chemical and physical 
data, associated through the help of 
Willard Gibbs’ long neglected phase rule, 
is fundamental. I myself feel particular 
gratitude to Bowen for his strengthening 
of the claims of differentiation by crystal 
sorting, and his discussion of the reactions 
which accompany the solidification of a 
silicate solution. The word solution in 
such a context carries us back to Bunsen 
and his famous Icelandic paper of Exhibi- 
tion date, 1851. 

Consideration of laboratory work in re- 
lation to minerals also recalls the researches 
of the younger Bragg, following upon 
Laue’s epoch-making x-ray photograph, 
taken in 1912. Internal _ reflections 
have brought to full fruition concep- 
tions planted by Haiiy as long ago as 
1784. Haiiy, to change the metaphor, 
built upon the spatial law of rational 
indices. His ideas provided a foretaste 
of the atomic theory announced by Dalton 
23 years later, after the latter had received 
encouragement from the comparable mass 
law of multiple proportions. 

Distinguished physicists and mineral- 
ogists, who have flocked into the field at 
last illumined by x-rays, have not only 
determined the crystal structure of all our 
common minerals, but incidentally have 
introduced new methods of identification. 
We can now recognise species presented 
to us in mixed company in the finest of 
powders. Not all of us geologists, it 1s 
true, can grasp the full significance of this 
modern revelation ; but even a first-year 
student feels that he understands the 


clea 
plagi 
W 
relat 
how 
the 
vein 
| the ¢ 
befo: 
a SC 
Barr 
deli¢ 
P 
start 
invo 
pola 
data 
brill 
of E 
to te 
It 
grea 
to 
spac 
and 
au 
are 
to 
yea: 
| ab 
Owe 
ma 
Gre 
pre 
rep 
of | 
fror 
to 
| 
sea 
pla 
We 
adc 
of 
tio 
tio 
hi 
the 
er 
of 

|_| 


tricted 
any 
—aIns of 


from 
ience, 
many 
e that 
Dts at 
g. In 
bition 
> 
Edin- 


insen 


hibi- 


n re- 
rches 
upon 
‘aph, 
tions 
\cep- 
O as 
yhor, 
onal 
taste 
ilton 
mass 


pral- 
d at 
only 
our 
ave 
‘ion. 
nted 
t of 
it is 
this 
year 
the 


cleavage of micas and the isomorphism of 
plagioclase felspars. 

While thinking of physical chemistry in 
relation to geology we naturally remember 
how Lindgren and Spurr have emphasised 
the zonal deposition of ores in mineral 
veins, and how Van ’t Hoff has elucidated 
somewhat analogous successions among 
the contents of evaporites. 

Metamorphism cries out to be noticed 
before I pass on. I can only reply that as 
a Scots geologist I cherish the memory of 
Barrow with his zonal minerals and his 
delight in migmatite. 

Progress of petrology, since Sorby 
started looking through rock slices, has 
involved many beautiful applications of 
polarised light. Some of the requisite 
data for minerals had already been 
brilliantly explored, largely by Brewster 
of Edinburgh. One outstanding addition 
to technique we owe to Federov in 1892. 
It is delightfully appropriate that this 
great man should have been the first 
to establish the complete list of 230 
space groups for crystal possibilities 
and should then have provided us with 
a universal stage. Those, however, who 
are attracted by simplicity, may prefer 
to recall Becke’s method of comparing 
refractive indexes, which followed next 
year, 1893. Both have borne fruit in 
abundance. To the universal stage we 
owe the petrofabrics of Sanders. 

Among field studies of igneous rocks we 
may single out Geikie’s Ancient Volcanoes of 
Great Britain, 1897. It furnishes a com- 
prehensive treatment of a wonderfully 
representative area. ‘Thoroddsen’s studies 
of Iceland are equally admirable, though, 
from the nature of things, restricted 
to Tertiary and Quaternary events. 


In contrast with earlier volcanic re-' 


search there has been a tendency to study 
plateaux and plains as well as cones. 
Western America and the Deccan in 
addition to Iceland have provided splendid 
examples. Richthofen’s emphasis in 1868 
of the features of massive, or fissure, erup- 
tions marked an epoch in the interpreta- 
tion of volcanoes ; but the application of 
his ideas to, say, the Tertiary basalts of 
the Hebrides is open to question. 

Research into particularly striking 
eruptions has also furnished a rich harvest 
of results. Examples include Krakatoa, 
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with its paroxysm, 1883 ; Tarawera, with 
its fissure and terraces, 1886; Pelée and 
the Soufriére, with their nuées ardentes, 
1902 ; Matavanu, with its pillow lava, 
1905 ; and Katmai, with its Valley of 
Ten Thousand Smokes, 1912; while 
Vesuvius and Kilauea have both been 
enriched with observatories. 

Old Perret, but recently passed away, 
supplied a glorious example in this en- 
deavour. He was a pilgrim ever ready 
to answer the call of an eruption. We 
think of him in his frail hut on Mt. Pelée, 
lit nightly by the crater’s ruddy glow, 
amid the ash, noise and smell of the out- 
bursts of 1929 to 1932—his main interest 
the strangely silent rush of nuées ardentes, 
passing by. He had a genius for im- 
provisation. In 1906, unable to hear 
faint premonitory rumbles of Vesuvius, 
he bit his iron bedstead and received the 
quivers through his teeth. After this he 
mounted two pedometers at right angles 
to integrate recurrent tremors. 

We must remember too Hayden’s 1871 
report on perhaps the most spectacular 
area of obsolescent igneous activity in the 
world. It helped to establish the great 
National Park of Yellowstone. 

Turning to intrusions, we find our 
understanding was mightily increased by 
Gilbert’s account of laccoliths in his 
Geology of the Henry Mountains, 1877. 
Further advances in regard to the mechan- 
ics of igneous activity are concerned with 
such matters as cauldron-subsidences, 
ring-dykes and cone-sheets, where Scottish 
geologists have played an active part, 
especially since 1905. 

Although in no sense igneous, the 
movement of salt may be mentioned here, 
as it probably has profound lessons for 
those who study the emplacement of 
granite. In my student days we heard 
rumours of intrusive salt emanating from 
Germany and India; but it is to the 
latter-day explorations of great oil com- 
panies that we owe most of our present 
abundant and invigorating knowledge of 
salt-domes and glaciers. 


And now to paleontology, a word in- 
separably connected in the minds of most 
of us with the illustrious name of Zittel, 
research worker, text-book writer and 
historian. A fresh start was inaugurated 
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in 1858 by Darwin’s delayed announce- 
ment of evolution guided by natural 
selection. All know how greatly Darwin 
was influenced by geological considera- 
tions. One main step had been taken 
before the Exhibition when on board the 
Beagle he read Lyell’s elaboration of 
Hutton’s great theme—henceforward he 
realised that geological changes should be 
attributed to natural causes working to a 
generous time table. Another step fol- 
lowed when he found the extinct Pleisto- 
cene animals of South America looking 
just as South American as their living 
successors. 

Darwin’s exposition of evolution had a 
much more immediate effect than had 
that of Lamarck, which had been well 
nigh smothered by Cuvier’s authoritative 
criticism. The speed with which Darwin’s 
supporters took up arms is well illustrated 
by the celebrated clash between Huxley 
and Wilberforce at the Oxford meeting of 
the British Association, 1860. The audi- 
ence was left to choose between apes or 
bishops as preferable ancestors. Amusing, 
of course, though not scientific !_ Wilber- 
force had been coached behind the scenes 
by Owen, Cuvier’s greatest successor. It 
is therefore a curious coincidence that to 
Owen, while still actively hostile, fell the 
task of describing the reptilian bird, 
Archaeopteryx, discovered in 1861—perhaps 
the most impressive of all missing links. 

Darwin’s presentation of evolutionary 
evidence, soon supported by Haeckel’s 
law of recapitulation, naturally sent 
biologists in search of genealogies. In- 
vestigation of progress among mammals 
proved particularly attractive. In 1869 
Leidy revealed unexpected riches in the 
Tertiaries of Dakota and Nebraska, and 
thus blazed a trail to be followed west- 
wards by Marsh and Cope. The former 
made the gratifying discovery that brain 
has a survival value. The latter, con- 
centrating on tooth and paw, traced the 
origin of horses. Equally spectacular 
results rewarded subsequent explorations 
under Beadnell and Andrews, 1900-5. 
They found in the Fayum Oasis, south- 
west of Cairo, new evidence which floodlit 
the growing noses of elephants. 

When we think of man himself, we find 
that Boucher de Perthes had anticipated 
the Great Exhibition by some six years 


12 


with his discoveries in the terraces of the 
Somme. Still it was not till 1859 that 
these were confirmed for British doubters 
by Prestwich ; and it was later still that 
Lubbock introduced the words Palzo. 
lithic and Neolithic. Nowadays we can 
visit Magdalenian art galleries in Spain, 
or study the bones of our predecessors 
exhumed by Dubois in Java or Broom in 
South Africa. 

If we turn to the invertebrate field, stil 
thinking in terms of evolution, we find 
few contributions more typical of our post- 
Exhibition Century than Rowe’s study of 
continuous change among the micrasters 
of the Chalk, 1899, or Mojsisovics and 
Buckman’s rather earlier treatment of 
convergence or homeomorphy, call it 
what you will. 

Viewed stratigraphically the triumphs 
of paleontology have lain in the refine. 
ment and gponsolidation of Smithian 
methods. Barrande deserves special men- 
tion, in spite of his unfortunate theory of 
colonies. The first volume of his Systéme 
Stlurien du Centre de la Bohéme appeared in 
1852, so that his work in the main belongs 
to post-Exhibition time. Quenstedt did 
much of his subdivision of the Jurassic of 
Wirtemberg a little earlier; but his 
principal book Die Jura did not appear 
till 1858. Quenstedt was less inter- 
national in his outlook than Barrande, but 
his contemporary d’Orbigny and _ suc- 
cessor Oppel made up for this deficiency. 
To Oppel we owe the term zone, and to 
the three of them the elaboration of am- 
monite zones. As a symptom of the 
times we may note Suess’ 1865 subdivision 
of the quondam genus Ammonites. Since 
these early days we have seen established 
the special zonal value of graptolites and 
goniatites. Lapworth, 1878, was the 
hero in the former case ; Bisat, 1922, in 
the latter. 

The amazing possibilities of strati- 
graphical paleontology are emphasised 
when they enable a local correction to be 
made at long range. Three examples will 
suffice, all concerned with tectonic com- 
plications. Ina letter dated December 31, 
1860, Logan of Canada acknowledges to 
Barrande of Bohemia that he and Billings 
have had to accept the latter’s (L¢. 
Barrande’s) dating of fossils collected in 
Quebec, an acceptance that involves 
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overthrusting. ‘From the 
hysical structure alone,’ Logan writes, 
‘no person would suspect the break that 
must exist in the neighbourhood of Quebec, 
and without the fossils everyone would be 
authorised to deny it.’ Similarly Lap- 


' worth’s 1878 demonstration of the zonal 


reliability of graptolites in Scotland swept 
away Barrande’s colonies in Bohemia. 
Again Brogger in 1886 was able boldly to 
ask American geologists to revise their 
stratigraphy and to place their Olenellus 
fauna below, instead of above, their Para- 
doxides fauna, so as to agree with the find- 
ings of Scandinavia. This last story is 
well told by Walcott, 1890. 


Paleobotany shared with palzozoology 
the stimulus derived. from Darwin’s 
Origin of Species. On the whole, however, 
les progress has been made in tracing 
lineages. For instance, the angiosperms 
in the present state of knowledge make a 
late appearance in geological history, but 
how they arrived is still, according to 
most authorities, wrapt in mystery. More- 
over some of the progress that has been 
made in establishing relationships has 
been in a backward direction. It is a 
little chastening to reflect that most of the 
plants, after which the Ages of Ferns and 
Cycads have been named, are masquer- 
aders. Scott and Oliver opened our eyes 
to seed-ferns in 1904; our disenchant- 
ment regarding the majority of cycado- 
phytes we owe to a number of workers, 
including Carruthers and Wieland. 

Microscopic study of fossil plants in thin 
slices antedated considerably Sorby’s ex- 
tension of the same technique to rocks as 
such, It so happens, however, that it was 
in Exhibition year, 1851, that Williamson 
first felt attracted to the subject. He was 
prompted by curiosity concerning the 
so-called Sternbergia, which he found to be 
acast of Cordaites pith. His subsequent 
long series of memoirs on Carboniferous 
coal-balls, communicated to the Royal 
Society, 1871-92, have won for him, along 
with Brongniart, the title of Founder of 
Paleobotany. ‘Towards the end he was 
er assisted through co-operation with 
cott. 

Of more recent histological work in the 
world of fossil plants, that of Kidston and 
Lang on Devonian forms has attracted 
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particular attention. It started in 1917 
and concerned remains preserved in 
silicified peat at Rhynie, Aberdeenshire. 

In passing we may note that Walton’s 
method of peels or transfers has, since 
1928, usefully reinforced the long-estab- 
lished technique of slicing. It is specially 
valuable in obtaining close-spaced serial 
sections. 

Fortunately botanists are prepared to 
devote some part of their skill to impres- 
sions, which are much more abundant 
than petrifications. During the earlier 
part of our post-Exhibition Century, Heer 
rendered special service in regard to the 
fossil floras of Switzerland and the Arctic. 
His descriptions aroused well merited 
interest, both scientific and popular. It 
was, however, left to Nathorst, in 1890, 
to be the first to pick bread-fruit in 
Greenland. 

Seeds have proved of great value in 
tracing stratigraphy, migration and cli- 
mate, as emphasised by Clement Reid and 
his wife. The Origin of the British Flora, 
1899, is a welcome product of their labour. 
Similar work on pollen by Hagerheim, 
continued to good purpose by Erdtman 
and others, characterises a particularly 
active department of research, mainly 
concerned with post-Glacial history. 

No other biological province of the past, 
revealed by geology, has attracted so 
much interest as that linked with the 
Glossopteris flora. The genus Glossopteris 
was described by Brongniart as far back 
as 1828. It and its associates characterise 
the Gondwana Series of India; and 
Feistamantel’s botanical writings of 1881 
in this connection led Suess to introduce 
Gondwanaland as a name for one-half of 
the continental world. He was influenced 
also by descriptions given by Sutherland, 
Blandford and Oldham, some ten years 
earlier, of Upper Carboniferous tillites in 
South Africa and India. 


Let us now turn to large-scale tectonics. 
Admittedly, Escher had firmly established 
this subject in the Alps, with his interpre- 
tation of Glarus, correct in most respects, 
a decade before the Great Exhibition ; 
still, the first important extra-Alpine 
contribution fell well within our period. 
It came from Quebec. I have already 
quoted from Logan’s 1860 letter to 
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Barrande confessing unconditional 
render to the claims of fossils. The great 
thrust thus revealed is to this day called 
the Logan Line. Belgium followed in 
1877, when Cornet and Briart described 
overthrusting of spectacular order in the 
partially concealed coalfield of their 
country. Scotland took up the torch in 
1883. First Callaway and Lapworth 
reinterpreted the North-West Highlands. 
Then, next year, 1884, Peach and Horne 
corroborated with a wealth of detail. The 
Scottish discoveries had special educative 
value, since they were vouched for, almost 
from the start, by Geikie, repentant. 

The year, 1884, also saw the outer 
world beginning to repay some of its 
tectonic debt direct to Switzerland. Mar- 
cel Bertrand was just starting to find 
thrusts in Provence—his Beausset klippe 
came later, 1887. He was at the time 
reading Suess on the Alps and other 
mountains, Gosselet on Belgium, and of 
course Heim on Mechanismus der Gebirgs- 
bildung. Thus equipped he _ ventured, 
with a daring which many _ thought 
effrontery, on a long-range criticism of 
the reigning Escher-Heim interpretation 
of the so-called double fold of the Glarus. 
Instead of being too big, it was too small. 
The double movement, from both north 
and south, devised to economise in the 
magnitude of postulated over-thrusting, 
must be replaced by a single displacement, 
from south alone. It is now universally 
admitted that Bertrand was justified on 
the basis of published information ; but 
for several years his views were disregarded. 

Leaving the Alps again for a moment, 
we find Térnebohm in 1888 presenting 
the first outlines of his overthrust theory 
of the Scandinavian chain. One _ is 
amazed at the scale of the phenomenon 
which eventually he elucidated almost 
single-handed. Truly Térnebohm is the 
Giant Conqueror of the North. He has 
no equal. 

Suess has been mentioned above as 
paleontologist and tectonist. In the latter 
field he has two pre-eminent claims upon 
our gratitude: he did more than any 
other to synthesise the mountain chains 
of the world, ancient and modern ; and 
he propagated what I term the Suess law 
of one-way tectonic traffic. Bertrand’s 
reinterpretation of Glarus was a dramatic 


application of this law. Suess could hayel 


supplied the correction himself, if he hag 
not refrained out of regard for Heim. 
It was with one exception that, earlie; 


in this talk, I claimed the work of th) 
Carnegie Institute as the most character.! 


istic and important geological develop. 
ment of the latter half of our pos. 
Exhibition Century. The first place in 
the roll of honour I reserve without hesita. 
tion for the glorious renaissance of Alpine 
tectonics. This was inaugurated in 189} 
when Schardt suddenly realised that the 


Prealps are made of successive thrust. } 


slices that have travelled from the south, 
each stamped with its own special facies, 

The resultant controversy rivalled in 
bitterness, but not duration, the welcome 
given to Darwin’s Origin of Species. Fortu- 
nately, Schardt was soon joined by Lugeon, 
whose first great paper on the subject 
dates from 1901. 


casion great danger to life and limb, has 
won results which equal any of the marvels 


previously revealed by our science. No | 


physicist or chemist could have fore- 
shadowed, however dimly, these discoveries, 
They are, priori, almost as unbelievable 
as the mysteries of life. 

There is another tectonic feature of the 
globe, apart from folded mountain chains, 
which specially fascinates geogolists ; | 
refer to the great East African Graben or 
Rift Valley. In 1884 we find Galton able 
to visualise a depression ‘ which begins 
with the Dead Sea and ends at Tangan- 
yika’ ; but the crystallisation of the idea 
was left to Suess in 1891 and 1892. In 
the latter year Suess published Die Briiche 
des Ost-Africa, in which, according to 
Gregory, ‘ with his usual insight into geo- 
graphical problems, he has read more of 
the lessons of the country, from descrip- 
tions, than the travellers who wrote them, 
did from the country itself.’ Fortunately, 
before 1892 was over, Gregory was able to 
seize a chance to join an expedition aiming 
to reach the ‘ one unexplored part of the 
Rift Valley.’ With rare pluck he sur 
mounted unforeseeable difficulties and re- 
turned successful. Suess and Gregory are 
dead, but the research continues. 


Thomson (later Lord Kelvin) made 4 
most interesting incursion into geology in 


With two such leaders 
a magnificent generation, facing on oc- | 
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1862, when he attempted to limit the age 
of our earth by treating this mighty globe 
as if it were an automatic thermal clock. 
Geologists had previously tried various 
quantitative approaches—for instance 


Lyell in the first edition of his Principles, 
aracter. 


1830, had mentioned 10,000 years as a 
possible time-allowance for the cutting of 
Niagara’s gorge—but in the main they 
had contented themselves with a vague 


conception ofimmensity. This they based 


upon the relative insignificance of the 
changes which natural causes, apart from 
human interference, have induced during 
historic times alike in scenery and organic 
nature. The indefiniteness of this outlook 
did not appeal to Thomson. He thought, 
for instance, that measurements of temp- 
erature and conductivity could be made 
more accurately than measurements of 
erosion or mutation; and he imagined 


that such measurements would tell him 


how quickly the earth is cooling. His 
calculations led to a geological absurdity. 
Long afterwards, in 1905, following the 
announcement by P. Curie and Laborde 
that radium is self-heating, Rutherford 
pointed out that we do not know whether 
the earth is getting colder or hotter ! 
This revolution of thought was almost 
immediately accompanied by more prom- 
ising attempts to use hitherto unsuspected 
atomic clocks for dating geological hap- 
penings. Strutt (later Lord Rayleigh) 
started in 1905 by measuring the helium 
that has accumulated through the ages 
in uranium minerals; and Boltwood 
followed in 1907, estimating lead. Lane 
in America and Holmes in Britain have 
been specially active in this particular 
field. Joly on a microscopic scale has 
ued radio-activity to tint haloes, and on 
a world-wide scale to raise mountains. 
Physicists with their mathematics had, 
of course, much earlier given geologists 
great assistance in various other directions. 
In 1855 Airy explained the unexpectedly 
small gravitational pull of the Himalayas, 
revealed by Pratt’s calculations. He at- 


| tibuted it to relatively light foundations 


funishing hidden support to mountain 
chains. Thus he introduced the concep- 
lion of isotasy, which received its name 
om Dutton in 1892. We must, however, 
tfemember that Herschell as long ago as 
1837 had postulated subsidence caused 
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by accumulating sediment. Following 
Herschell and Airy, Jamieson, in 1865, 
suggested that recovery from glacial load 
may be the cause of many raised beaches. 

E6tvés in 1888 won admiration by the 
sensitiveness of his amazingly simple 
balance for investigating gravity gradients. 
It served its purpose, though now, fortu- 
nately, replaced by gravimeters more 
adapted to field work. Among them the 
pendulum still remains of value under 
certain circumstances ; and Meinesz in 
submarine explorations since 1923 has 
with it greatly widened the scope of 
observation and theory. 


James Hall of New York in 1859 recog- 
nised geosynclinal accumulation of sedi- 
ment as a prelude to mountain formation. 
He thought in exaggerated terms of 
isostasy, and considered that the Appala- 
chian geosyncline might have originated 
through the weight of a sandbank dis- 
tributed by a coastal current on the floor 
of the Atlantic. Dana in 1873 supplied 
the name geosyncline ; but he regarded 
the diagnostic thick sedimentation as 
effect, rather than cause, of associated 
subsidence. Next, Steinmann immortal- 
ised himself by pointing out in 1905 and 
1927 that the axial belts of many geo- 
synclines are characterised by what in 
his honour I call the Steinmann trinity : 
serpentines, pillow lavas and radiolarian 
cherts. 

Geology is so deeply concerned with 
marine deposits that the voyage of the 
Challenger, started in 1872, is one of the 
major geological happenings of our post- 
Exhibition Century. The publication of 
its results was supervised by Murray in 
Edinburgh, and was still an important 
feature of the scientific life of the capital 
when I first came to Scotland. A new era 
of oceanic research, based on cores of 
considerable length was entered when 
Piggot fired his gun in 1935. This great 
event has been followed by Kullenberg 
with his piston-corer. We are already 
reaping what will eventually be a super- 
lative record from examination of con- 
densed successions accumulated in deep 
water. Petterson is in charge. 

Valuable results in oceanic geology 
have also been achieved by Ewing and 
others propagating artificial earthquakes 
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through the submerged continental shelf. 
Earthquakes, natural as well as artificial 
have received close study under both land 
and sea, and have contributed consider- 
ably to geological knowledge and hypo- 
thesis. Special stimulus to research was 
afforded during the westernisation of 
Japan. John Milne, Professor at Tokyo 
from 1876 to 1895, proved a great leader. 
Oldham’s identification of surface and 
P and S signals in seismograms dates from 
1900 ; his recognition of a liquid earth- 
core, from 1906. 

Much of the recent investigation of the 
submerged continental shelf has taken the 
form of charting its contours. This has 
been rendered possible : firstly, by echo- 
sounding, inherited from piedzo-electric 
detection of U-boats during the World 
War I, which we owe fundamentally to 
Curie, Langevin and Boyle ; and secondly 
to ingenious and laborious refinement of 
position-finding out of sight of land. The 
results obtained, and beautifully presented, 
concern especially the offshore waters of 
the U.S.A. They have among other 
things definitely placed submarine canyons 
on the chart, with all that that means in 
the way of inciting explanation. 


We must now return to the earlier years 
of our period. Hutton and Desmarest, 
among the founders of modern geology, 
had correctly estimated the potency of 
normal subaerial erosion in_ shaping 
landscape ; but most of their successors 
at the time of the Great Exhibition 
thought them mistaken. ‘This statement 
holds not only in regard to catastrophists, 
such as Sedgwick and Murchison, but 
also to uniformitarians led by Lyell. The 
latter thought that a very large part of the 
typical erosion pattern of inland regions, in- 
cluding, for instance, the chalk escarpments 
round the Weald (Lyell 1933, Principles, 
vol. iii, chap. 21), was inherited from 
periods of submergence and emergence— 
during which earth movement had slowly 
carried successive strips of the land 
surface through the rough and tumble of 
coastal breakers. In Britain the redis- 
covery of Hutton’s majestic conception 
may be said to date from Juke’s 1862 
classic analysis of river development in 
County Cork. In the United States at 
about the same time a great group of in- 
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vestigators thrilled the whole scientific 
world with pictures and descriptions of the 
semi-arid West. Here deficiency of local 
rain, by slowing down adjacent erosion 
has thrown into relief the work done by 
individual streams. 
magnificent research we may recall the 
supreme artistry of Holmes and the cour. 
age and perseverance of Powell. 


Powell had lost his right arm in the | 


Civil War, but continued undaunted, | 
remember Johnnie Marr lecturing to us 
undergrads at Cambridge on the way 
geological problems may be tackled by 
action rather than words. He told us 
how Powell, after deciding that the 
Colorado had reached such a stage in 
eroding its course that there was no reason 
to be afraid of a possible waterfall, put 
his theory to the test. In 1860 he boated 
down the Grand Canyon, an operation 
that took three months to accomplish. 
There was only one casualty. A member 
of the party lost faith in his leader’s 
proposition, and tried to climb out of what 
seemed an interminable prison. He was 
killed by Indians. 

Needless to say fortune does not always 


favour the bold, or she would soon make | 


heroes of us all. It will be remembered 
how Gregory, after retiring superannuated 
from the Chair of Geology at Glasgow, 


was drowned in 1932, while exploring a} 1 


canyon of the Upper Amazon. Powell's 
irreversible voyage of discovery has much 
in common with those later undertaken 
by gallant Norwegians in the Fram and 
Kon-Tiki ; but Powell’s parents came to 
America from England, so that he was of 
the same stock as Cook and Franklin. 
Following upon these great days of 


adventure, the progress of physiography, | 


or geomorphology, has been specially con- 


nected with the initialed name of W. M. ; 


Davis. His papers extend from 1884 to 
1938. He was the most indefatigable of 
all those who rightly see in present forma 
passing phase in a developmental series. 
He loved to analyse, define and name; 
and much of the metaphorical language 
that he fathered has a beauty of its own 
and has proved helpful to fellow worker. 
At the same time we gratefully remembet 
the care with which his equally famous 
contemporary, Archibald Geikie, demon- 
strated that many of the most important 
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also in other branches of geology, can be 
conveyed with comparatively little resort 
to technical terms. 


discoveries, not only in physiography but 


Although Agassiz had various important 
forerunners there is no question that he 
did more than anyone else to establish 
the reality of widespread Pleistocene 

Jaciation. ‘Three landmarks in his career 
may be mentioned, all of earlier date than 
the Great Exhibition. They are: (1) 
his publication in 1840 of Etude sur les 
Glaciers de la Suisse, in which he announced 
agreatly exaggerated conception of glacia- 
tion involving much of Europe and North 
America ; (2) his traverses with Buckland, 
again in 1840, which took him through 
much of Britain and enabled him to 
interpret boulder clay as ground moraine, 
and the Parallel Roads of Glen Roy as 
vestiges of vanished glacier-dammed lakes ; 
and (3) his migration to U.S.A. in 1846, 
where, until his death in 1873, he occupied 
a leading position, not only in glaciology, 
but also in many other branches of natural 
history. 

Agassiz’ views for long had a hard 
struggle for survival in Britain, except in 
mountain fastnesses. Still, in 1859 and 
1862, Ramsay, won over by Chambers, 
created a furore by claiming many of the 
rick basins of the world as the work of 
glacialerosion. About the same time both 
he and Archibald Geikie rediscovered the 
origin of boulder clay, though continuing 
for several years to accept glacial sands and 
gravels as evidence of marine submergence. 

Encounters between adherents of land 
and drift ice afforded a yearly attraction 
at Section C. When I first became geo- 
logically conscious, they promised to be 
as interminable as the magma-migma 
conflicts. They were, however, soon to 
fade away after Kendall’s 1902 interpre- 
tation of deserted spillways in the Cleve- 
land Hills. River diversion by glaciers 
_had previously attracted strangely little 
attention in Britain, except for the classic 
tnigma of Glen Roy, solved by Agassiz. 
In Scandinavia, Holland and North 
America much had been done before 1902, 
but so far as I know the story of research 
has still to be written. 

Other interesting features of post- 
Exhibition inquiry into the Pleistocene 
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include the theory of recurrent glaciation. 
Here perhaps we think especially, among 
men, of Croll, James Geikie, Penck, 
Briickner and Chamberlin ; and, among 
exposures, of Scarboro Heights on Lake 
Ontario, described by Hinde in 1877. 
There is also the geochronology which 
De Geer has based on varves, since 1882 ; 
Richthofen’s interpretation of loess as 
wind-borne dust, first advanced in 1870 ; 
Gilbert’s masterly descriptions of Lake 
Bonneville, monographed in 1890; and 
Daly’s 1915 modification of Darwin’s 
submersion theory of atolls—so wide that 
it links the fortunes of tropical corals with 
the waxing and waning of ice-sheets. 
On a much smaller scale we remember 
gratefully Johnson’s claim in 1904 that 
corrie formation is connected with berg- 
schrunds. Smaller, and smaller! We 
have already commented on the value of 
seeds and of pollen. 


I have reserved almost to the end, 
mention of one of the brightest gems of 
geological thought. For my own part I 
am ignorant as to whether its glitter be 
genuine or spurious. The idea of drifting 
continents as an explanation of geological 
phenomena dates back to Snider in 1888. 
He tucked the two Americas against the 
coasts of Europe and Africa, largely to 
account for the identity of the Coal 
Measure floras now separated by the 
North Atlantic. Prominence for the hypo- 
thesis was, however, withheld for many 
years. Then Taylor in 1910 advocated 
continental drift as a deduction from 
the position and character of the great 
Tertiary mountain chains of the world ; 
and Wegener in 1912, quite independently, 
and with a much fuller grasp of the evi- 
dence, followed suit. 

Wegener first conceived the idea on 
noticing that the Atlantic coasts of South 
America and Africa are roughly speaking 
counterparts of one another. He then 
turned to geology and found an amazing 
set of cross-Atlantic correspondences 
strung out from north to south. More 
compelling still, he realised that the 
paradoxical present-day distribution of 
Late Carboniferous glaciation in Gond- 
wanaland seems to proclaim continental 
scatter. 

I happen to have explained this particu- 
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lar side of the subject to a public audience 
before it had occurred to Wegener himself. 
The occasion was a popular lecture on 
geology which I was asked to deliver 
at the Old Vic in London in 1910. 
The inspiration came from Lamplugh. 
Thrilled by what he had seen of Dwyka 
tillite when the British Association met in 
South Africa in 1905, puzzled by what he 
read of the reappearance of this deposit 
on other present-day continents, he now 
wondered whether a solution might not 
be found in continental drift. The idea 
seemed to him to be in keeping with the 
results emerging from the current renais- 
sance of tectonics in Switzerland and 
Scotland. Unfortunately he never pub- 
lished this brilliant suggestion. 

From the human point of view there are 
two features of the Wegener hypothesis 
that arouse my continual wonder. The 
first is that Wegener stumbled on what 
may yet prove to be the greatest geological 
discovery of all time before he himself had 
begun to study geology. The second, 
that, after he had ransacked the literature 
and marshalled a hitherto meaningless 
wealth of apparent corroboration, he is 
treated by most geologists and physicists 
as a mere purveyor of nonsense. 

Wegener was a professor of meteorology 
and geophysics. In action he was as 
courageous as in theory. For a time he 
shared with his brother the world’s dura- 
tion record in ballooning. Later, in 
World War I, he was awarded the Iron 
Cross of the second order. In peace 
again, in 1930, he perished on his fourth 
expedition to Greenland, where he had 
successfully plumbed the ice sheet, on a 
long line of traverse, by seismic echo. 


Reference to a geophysical technique 
brings us naturally to my last point in this 
retrospect, namely, the enormous broaden- 
ing of international geological knowledge 
which has followed the first wild-cat oil 
bore in Pennsylvania. The drilling in 
question was successfully made in 1859 
by one who, I understand, eventually 
died a pauper. We remember here in 
Edinburgh, of course with considerable 
pride, that the mineral oil industry of the 
world was founded by a Scotsman, James 
Young, and are glad to think that he 
came to a much more comfortable end ; 
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but Young was mainly concerned with! 


shale oil, not the easy-going free oil which 


has brought with it so much luxury and 


misery. Young’s success was _largel 
based upon a patent for oil distillation, 
which he took out in 1850. Next year 
this won for him an award at the Greg 
Exhibition, followed in due course by g 
large fortune. 


Many geophysical methods have been} 


elaborated in connexion with free jj 
exploration. They delight us with their 
inherent beauty, and, on the whole, reduc 
costs of research. This latter service they 
perform by providing worth-while sug. 
gestions in districts where geology may 
be blinded by unconformable cover. In 
the main, suggestions, whether origin. 
ating from geology, geophysics or hunches, 
await confirmation by bores ; and in the 
reading of bores micropaleontology is| 
particularly valuable. This branch of! 
geology has advanced greatly since World 


War I, with special indebtedness to the} 


labours of Cushman. One _ important} 


feature is that with modern facilities it) 


favours statistical treatment of fossil 
assemblages. 
that micropaleontology yielded great 


triumphs to Ehrenberg in_ studies of 


powders long before the Great Exhibition | 
Also, as already noticed, oil exploration) 


has mightily increased our knowledge of 


salt-domes, which is perhaps its greatest} 


contribution to science. It has moreover 
familiarised us with gravitational differ- 
entiation of brine, oil and gas ; and ha 
introduced us to anticlines and domes as 
guardians of light mobile mineral wealth, 
in contrast to the synclines and basins that 


so often conserve our relatively heavy| 


water or our stay-at-home coals. 

White in 1885 established the anticlina 
theory of oil accumulation. Rogers had 
proposed the idea in 1860, but had not 
won acceptance. 


No more of old men and the past !_ The 
future is bright for the young. Admittedly 
ocean exploration is reserved for the “e 
but continental exploration lies open # 
never before. Aerial maps provide ul} 


exampled opportunity ; and in =| 


unfossiliferous rocks, where secrets abound, 
age succession may often be read by eithe 
graded or current bedding. 


We do not, however, forget) 
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EDINBURGH IN THE HISTORY OF 
ZOOLOGICAL SCIENCE’ 


by 


Sirk JOHN GRAHAM KERR, F.R.S. 


MEETING as we do in the City of Edinburgh 
it seems not inappropriate that we should 
cast our minds back for a few minutes 
upon some of those who played a part in 
this City in laying the foundations of the 
science of Zoology as it exists to-day. I 
do not propose to emulate Prof. James 
Ritchie’s excellent and exhaustive chron- 
icle of Edinburgh zoologists prepared for 
the last meeting of the British Associa- 
tion in Edinburgh but rather to confine 


_ myself to a few whose researches played 


an important part during the nineteenth 
century. 

May I begin with Charles Darwin— 
surely the greatest figure in the history of 
zoological science, for was not he the first 
to demonstrate clearly how the isolated 
facts of that science were to be woven 
together to form the fabric of evolutionary 
philosophy ? He did not, of course, 
invent the idea of evolution. That con- 
ception surely must have occurred to 
many, not merely as far back as the days 
of Lucretius and Aristotle but as far back 
as the days when primitive man first began 
to speculate about the environment in 
which he lived. To hit casually on a 
bright idea means in itself nothing. 
Matthew Arnold is chronicled as having 
remarked to a distinguished geologist in 
1878, ‘I cannot understand why you 
scientific people make such a fuss about 
Darwin. Why it’s all in Lucretius ’—a 
type of nonsensical remark that is only 
too familiar. 

What Darwin did was to produce from 
the observed facts of biological science, 
evidence for the truth of the theory of 
evolution so overwhelming that it had to 
be accepted. To-day, the word and the 
idea pervade every department of know- 


‘ Paper read to Section D (Zoology) at Edin- 
burgh on August 9, 1951. 
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ledge that is interested in its historical 
development. 

Charles Darwin came to Edinburgh in 
October 1825 to commence the curriculum 
in medicine. He and his elder brother 
had lodgings up four flights of steps in 
No. 11 Lothian Street, a street quite close 
to the building in which we are now 
meeting. 

In his first year he followed very much 
the ordinary routine in attending Uni- 
versity lectures, which, however, failed to 
grip his interest. Of Monro’s tedious 
lectures on anatomy he writes, ‘ I dislike 
him and his lectures so much that I cannot 
speak with decency about them.’ There 
were unfortunately no proper facilities for 
dissection, and in his autobiography, he 
writes ‘ It has proved one of the greatest 
evils in my life that I was not urged 
to practise dissection.’ During this first 
year he made great use of the University 
Library. 

It is however, Darwin’s second year at 
Edinburgh that becomes of special interest. 
He had no longer his elder brother to 
follow in the ordinary student routine and 
there is not much record of lecture attend- 
ances during that second year; but he 
does mention having attended Jameson’s 
lectures on Natural History, though he 
did not think much of them. Yet it is 
of interest to note that the syllabus of 


Jameson’s course concludes with lectures 


on ‘ The Philosophy of Zoology’ and that 
the first of these lectures bore the title 
‘The Origin of the Species of Animals.’ 
However, he saw more of his fellow stu- 
dents, and he joined two students’ societies, 
the Plinian and the Royal Medical. In 
the minutes of the Plinian Society, happily 
still in the custody of the University, 
we read under the date November 28, 


1826 : 
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‘ The Society met and was constituted. 
Mr. Coldstream in the Chair... Mr. 
Charles Darwin proposed by Messrs. 
Brown, Coldstream and Fife was unani- 
mously elected an Ordinary Member of 
the Society.’ 


He was a regular attender at meetings 
of the Society and joined actively in all 
discussions relating to Natural History. 
He formed intimate friendships which 
must have greatly influenced him. Among 
these was his friendship with Robert Grant 
who won for himself a permanent place 
in zoological history by demonstrating 
in the case of the group of sponges, the 
inflow of water by the small pores scattered 
over the surface and the outflow through 
the larger openings. Darwin himself 
made a beginning with marine zoology by 
his frequent companionship with Grant in 
observing and collecting and dissecting 
‘as well as I could’ the animals of rock 
pools—experiences which he followed up 
by accompanying fishermen when dredg- 
ing for oysters in the Firth of Forth. 

‘One day, as we walked together,’ 
writes Darwin, ‘he [Grant] burst forth 
in high admiration of Lamarck and his 
views on evolution. I listened in silent 
astonishment and as far as I can judge 
without any effect on my mind.’ 

Another of Darwin’s Edinburgh friends 
was William Macgillivray, that admirable 
Scottish ornithologist who then 
Curator of the Museum of the College of 
Surgeons. Darwin records his having 
had many interesting talks with Mac- 
gillivray and also having received from 
him rare additions to his collection of 
molluscan shells. 

Macgillivray, by the way, was one of the 
pioneers in emphasising the importance 
of internal structure in the scientific 
classification of birds. Audubon had 
brought his pictures of North American 
birds to Edinburgh, where they were ‘ the 
talk of the town ’ and Macgillivray helped 
him to write out the explanatory text 
which was published in Edinburgh in five 
large volumes entitled Ornithological Bio- 
graphy. ‘To-day, Audubon’s Birds of North 
America is recognised as one of the greatest 
works in the literature of ornithology. As 
I write there comes the announcement of 
the sale of the four volumes of plates at 
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Christie’s for £7,000 ! 
his having attended one of Audubon’s 


lectures in Edinburgh, not altogether | 


liking his rather disparaging references to 
Charles Waterton. 

Darwin’s activities at the  Pliniay | 
Society’s meetings were not restricted to | 
taking part in discussions. In the minutes 
of March 27, 1827, we read : 


‘Mr. Darwin communicated to the 
Society two discoveries which he had 
made— 

‘1. That the ova of the Flustra possess 
organs of motion. 

‘2. That the small black globular body 
hitherto mistaken for the young Fucus is 
in reality the ovum of the Pontobdella 


Darwin mentions | 


muricata.’ 


To put the matter into more modern 
wording, Darwin had discovered that the 
so-called ova of the common Polyzoon 
Flustra were actually ciliated larvae, and 


that the curious bodies supposed to have | 


to do with reproduction of the seaweed | 
Fucus were actually the egg cocoons of | 
the marine leech Pontobdella. : 

I have, I think, said sufficient to justify ’ 
the inclusion of Charles Darwin in my | 
remarks on Edinburgh in the history of 
zoological science seeing that it was in 
Edinburgh that he received his first 
training in zoological science and in | 
Edinburgh that he made his first two | 
communications of original research in | 
zoology. 

These two bits of initial research carried | 
out by Darwin during his student period 
in Edinburgh dealt with marine zoology 
and it is of interest to note that it is 
with this branch of zoological science 
that Edinburgh was to become specially | 
associated. 

Zoological science has been throughout | 
its history peculiarly indebted to the 
labours of amateur workers. The greatest 
of these was Darwin himself. And soon | 
after Darwin’s preliminary little contn- 
butions during his sojourn in Edinburgh, 
there appeared on the Edinburgh scene 
another amateur contributor to marine 
zoology in the person of Sir John Graham 
Dalyell of the Binns. His large two- 
volume book on Rare and Remarkable | 
Animals of Scotland with its many excellent 
coloured plates, records his observations | 
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on many local marine animals kept in 
aquaria and amongst the many observa- 
tions are one or two that mark permanent 
advance in scientific knowledge. Above 
all are his observations on the young 
stages of the jellyfish Aurelia, whose 
strange life-history as it develops from the 
simple Hydra tuba or Scyphistoma, forms 
now an important part of the standard 
training of the student of zoology. It was 
to the Edinburgh Meeting of the British 
Association in 1834 that Sir John Graham 
Dalyell contributed the first description 
of the Scyphistoma, its various methods of 
multiplication, and its final segmenting up 
into ephyra larvae each of which develops 
into the complicated medusa or jellyfish. 

In these days I have been speaking of, 
Edinburgh’s contributions to marine zoo- 
logy consisted of more or less isolated 
observations such as those by Grant, 
Darwin and Dalyell, but in 1854 com- 
menced a new phase with the appointment 
of Edward Forbes to the Professorship of 
Natural History. 

Born in the Isle of Man he came to 
Edinburgh as a medical student in the 
winter session of 1831, quitted medicine 
in the spring of 1836 and after a winter in 
Paris studying zoology and geology re- 
turned to Edinburgh as a student in the 
Faculty of Arts. In the meantime, he 
made various dredging expeditions, in- 
cluding in 1839 an expedition to the 
Shetland region in company with Goodsir, 
Professor of Anatomy, incidentally one of 
the pioneers in the technique of whaling. 

In 1841 came his great opportunity 
when he was offered the post of naturalist 
on H.M.S. Beacon, then engaged in hydro- 
graphical survey work in the Eastern Medi- 
terranean. During his eighteen months 
on the Beacon Forbes was able for the first 
time to dredge up living animals from a 
depth of over 200 fathoms and in his 
report to the British Association in 1843 
he gave the first survey of the bathymetric 
distribution of marine organisms in the 
various zones of depth to which he gave 
the names—littoral, laminarian, coralline, 
and so on, which in later years came into 
general use. For a short period Forbes 
held the post of palzontologist to the 
Geological Survey and in its first volume 
of Memoirs (1846) appeared his most im- 
portant paper, ‘On the connections be- 
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tween the existing Fauna and Flora of the 
British Isles and the geological changes 
which have affected their area.’ In this 
memoir, Forbes emphasised the import- 
ance for the understanding of our fauna, 
of being cognizant of the changes that 
have taken place in the distribution of 
land and sea, climate and so on. 

Forbes was spared to occupy the Edin- 
burgh Chair for only a few months. He 
died in November 1854. In the words of 
Herdman, a distinguished marine zoo- 
logist of later years—another medical 
student of Edinburgh who never qualified : 


*‘ He was the most original, brilliant and 
inspiring naturalist of his day and the 
spiritual ancestor of men like Wyville 
Thomson and John Murray.’ 


In addition to the more general works 
of Edward Forbes to which I have referred, 
he also produced two important works of 
a more specialised character, the History 
of British Starfishes (1841), full of original 
observations and admirably illustrated, 
and his Ray Society Monograph of the 
British Naked-eyed Medusae (1848). It is 
this latter line of contribution to zoological 
science, morphological rather than fauno- 
logical, that was continued by Forbes’ 
successor in the Chair of Natural History, 
George James Allman. Two of the 
technical terms now in constant use 
through the whole realm of animal 
morphology—the terms ectoderm and 
endoderm—are due to Allman who used 
them to designate the outer and inner of 
the two layers of cells that occur in the 
body of coelenterates, whether the simpler 
hydroids or the complicated jellyfish. 
To-day they are used throughout the 
animal kingdom from the simple polyp 
up to the human being. 

The two special groups of organisms to 
whose literature Allman made contribu- 
tions which are now classical, were the 
Freshwater Polyzoa (1856) and _ the 
Gymnoblastic Hydrozoa (1871-72). 

When Allman retired in 1870 owing to 
ill-health, he was succeeded by Charles 
Wyville Thomson. Born at the family’s 
country house at Bonsyde, Linlithgow- 
shire, he began his university career in 
Edinburgh as a medical student, but like 
so many others who have made zoological 
history in Edinburgh, he never qualified. 
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Apart from university lectures, his 
training came from collecting the marine 
animals of the Firth of Forth and from 
intercourse with other naturalists at 
meetings of the Royal Physical Society. 
In spite of not completing the curriculum 
for a degree, Wyville Thomson occupied 
in succession a whole series of professor- 
ships in other universities; botany in 
Aberdeen ;_ natural history in Cork ; 
mineralogy and geology in Belfast ; 
natural history in Belfast; botany in 
Trinity College, Dublin. 

His great inspiration to become a marine 
zoologist came by way of paleontology. 
He had become specially interested in the 
stalked crinoids—so conspicuous as fossils 
in many of our geological formations. The 
beadlike joints of the stalk from disin- 
tegrated limestone and thrown up on the 
N.E. coast of England, were called St. 
Cuthbert’s beads. It was an Edinburgh 
poet, if not zoologist—Walter Scott, who 
told us how 


‘On a rock by Lindisfarne 
St. Cuthbert sits and toils to frame 
The sea-born beads that bear his name.’ 


ThiS interest in the fossil crinoids 
naturally inspired Wyville Thomson to 
investigate the structure and development 
of these crinoids which still survive in the 
seas off the Irish coast. Here he was 
joined by W. B. Carpenter (M.D. Edin. 
1839). Wyville Thomson ‘ had long had 
a profound conviction’ as he says, that 
the great land of promise for the naturalist, 
the only remaining region where there 
exist endless novelties of extraordinary 
interest, was the bottom of the deep sea. 
He did his best to inspire Carpenter with 
this same conviction and on Carpenter’s 
suggestion he wrote to him as Vice-Presi- 
dent of the Royal Society urging that the 
Admiralty should be asked to lend a 
properly equipped vessel for dredging in 
deep waters off the west coast of Scotland. 
The result of the Royal Society’s appeal 
to the Admiralty was the cruise of H.M.S. 
Lightning, and later H.M.S. Porcupine, 
during the years 1868-69 and 70, extend- 
ing in latitude as far north as the Faroes 
and as far south as Ushant, and in depth 
down to 2,435 fathoms ; and the results 
of those cruises entirely bore out Wyville 
Thomson’s expectations. Not only were 


all the main invertebrate groups found ; 
to extend into deep water but among | 


them were many types of fascinating 
interest, some of them identical with 


tertiary fossils, others such as siliceoys | 


sponges, allied to forms of still more 
remote ages. 


But the greatest result of these expedi. | 


tions was an indirect one, namely the 


voyage of H.M.S. Challenger, which stil] | 
to-day stands out supreme in its contribu. | 
tion to marine zoology. With Wyville | 


Thomson, now Professor in Edinburgh, 
as scientific director, the civilian staff 
included other Edinburgh men, more 
especially John Murray, naturalist, and 
J. Y. Buchanan, chemist. 

The expedition 1872-76, made long 
traverses in the Atlantic and Pacific 


Oceans, taking soundings and dredging; | 


down to the greatest depths and amassing 


enormous collections of marine animals | 


and of the bottom deposits formed by the 
accumulation of their dead skeletons. 
On the return of the Challenger the collec- 


tions were concentrated in Edinburgh | 


under the Challenger Commission, pre- 


sided over by Wyville Thomson, and ) 


responsible for the sorting out of the | 


collections and their distribution to ap- 
propriate specialists for detailed investiga- 


tion. In carrying out this complicated | 
task Thomson had the assistance of Murray | 


and J. Y. Buchanan of the Challenger staff, 
with a group of able juniors, including 


Beddard, Herdman and Hoyle, all des- | 


tined to attain important status among the 


world’s zoologists. As will readily be | 


understood, the years following the return 


of the Challenger, during which the collec- | 
tions were being worked out, saw Edin- | 


burgh as one of the chief centres of 
zoological activity in the world. As the 
reports came in from the specialists there 


began the immense task of editing and | 


preparing the reports for publication. 


These, filling a series of fifty large volumes | 


and prepared by 88 leaders in contempor- 


ary science, remain to-day incomparably | 
the most important contribution ever | 


made to the science of marine zoology. 


~ 


Wyville Thomson unhappily was | 


doomed never to see the completion of the 
great work. In June 1879, he was stricken 
with serious illness and he died in March 


1882. 


| 
T 
Co 
Mu 
| for 
wor] 
rega 
scie 
tific 
stud 
Edi 
med 
ite t 
tha 
ma 
the 
and 
cal 
exis 
D 
| eng 
mut 
anil 
of s 
of t] 
| 
sa 
dep 
cou 
of t 
E ( 
sta 
<2 
ob 
bee 
| the 
lan 
the 
Ch 
| 
cu 
the 
tra 
pa 
| Ge 
| en 
22 


found | 
LoNgst | 
lating 
with 
iceous | 
more 


kpedi- | 


y the 


still | 


tribu- 
yville 
urgh, 
staff 
more 
, and 


long 
-acific 


igings | 


assing | 


imals | 
yy the 


purgh 


pre: 

and } 
f the 
) ap 
stiga- 
cated 


The Directorship of the Challenger 
Commission was now taken over by John 
Murray who had already been responsible 
for an increasing share of the Director’s 
work as Wyville Thomson’s health failed. 

John Murray, commonly and justly 
regarded as the founder of the modern 
science of oceanography, began his scien- 
tific training, like so many others, as a 
student of medicine in the University of 
Edinburgh, but never completed his 
medical curriculum. In using his favour- 
ite term oceanography, we must not forget 
that a large part of that science is simply 
marine zoology under another name— 
the scientific knowledge of marine animals 
and of the environmental factors, physi- 
cal and chemical, which govern their 
existence. 

During the actual voyage of the Chal- 
lenger, Murray’s interest centred not so 
much on the details of particular types of 
animal life as on more general problems 
such as the formation of coral islands and 
of submarine deposits, and after the close 
of the expedition, these interests continued. 
He concentrated more especially on the 
investigation of the many hundreds of 
samples of deep sea deposits. He won 
recognition as the chief authority on such 
deposits and it became almost a matter of 
course for soundings obtained in any part 
of the world to be sent to him for examina- 
tion and report. 

One of the romances of science was 
started when, one day examining such a 
sample through his microscope, Murray 
noticed certain peculiarities in the small 
phosphatic nodules which to his skilled 
observation showed that they had not 
been formed at the bottom of the sea where 
the sounding was made, but must have 
been washed down from some adjacent 
land deposit. On referring to the chart 
the appended latitude and longitude, he 
found the sounding had been obtained off 
Christmas Island in the Indian Ocean. 
Our Government was, with some diffi- 
culty, induced to hoist the British flag on 
the island ; rich deposits of phosphate 
were duly found; their development 
produced a great industry and export 
trade; and before many years had 
passed, the royalties paid to the British 
Government had more than defrayed the 
entire cost of the Challenger Expedition. 
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While Murray’s main activities were 
being devoted to administration and 
research at the Challenger Office, he also 
spread out into a side issue of importance 
in the history of marine zoology, inas- 
much as, with the help of friends, he 
founded in 1884 the Scottish Marine 
Station. This was located at an old 
quarry from which had been excavated 
the stone used in the construction of the 
harbour at Granton. 

On October 28, 1855, a landslide on the 
western edge of the quarry had caused it 
to be flooded by sea water and converted 
into a huge aquarium some 60 feet deep, 
which speedily became populated with 
Ascidians and other marine organisms. 

The marine station at first consisted of a 
large iron lighter, the Ark, moored in the 
quarry, decked over and provided with a 
deck house divided into two compartments, 
the smaller with accommodation for four 
laboratory workers, the larger with tanks 
and chemical and physical apparatus. 
In addition to the Ark the station had a 
small steam yacht—the Medusa—of about 
30 tons and fully equipped for sounding 
and dredging. Later a small two- 
storied laboratory was erected ashore, the 
lower story with tanks and the upper 
divided into museum and laboratory. 

The station was placed under the direc- 
tion of J. T. Cunningham, assisted for a 
time by J. R. Henderson. Its activities 
centred primarily on the systematic study 
of the fauna of the Firth of Forth, but it 
included special inquiries into problems 
bearing upon fisheries—the possible re- 
vival of the once prosperous oyster fisher- 
ies, the embryology of the herring and 
various other food fishes. Cunningham 
himself made important contributions to 
our knowledge of the destructive Hagfish 
Myxine. 

Apart from such activities, the Marine 
Station paid a not unimportant service to 
zoological science through Murray’s open- 
ing its hospitality to those commencing 
their career as zoologists. 

The most interesting outcome of its 
activities however came when the Ark 
and the Medusa were taken through the 
Forth-Clyde Canal and made use of in 
the Clyde sea area in investigations by 
Murray and his colleagues supplementary 
to those carried out during the voyage of 
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the Challenger. The result of these in- 
vestigations, so far as they concerned the 
physical and chemical factors which enter 
into the environment of marine organisms, 
were published at the time by H. R. Mill 
—another graduate of Edinburgh Uni- 
versity, but the strictly biological results 
remained long unpublished until they 
were worked up by Chumley, an important 
member of Murray’s staff, who had played 
a great part in the editorial work of the 
Challenger Reports. 

Murray’s work on the Clyde impressed 
him with its marvellous possibilities as a 
permanent centre for marine biological 
research and he made a public offer in 
1886 to hand over both the Ark and the 
Medusa for this purpose to a local com- 
mittee if formed. Nothing came of this 
offer at the time. The Medusa was sold 
to the Government of Cape Colony and 
played an important pioneer part in the 
development of the local fisheries under 
the Professor of Zoology at Cape Town— 
Gilchrist—another graduate of Edinburgh 
University. 

The Ark was drawn up on the shore of 
the Great Cumbrae near Millport and 
served for a time as the private labora- 
tory of David Robertson, the Cumbrae 
naturalist. 

At long last in 1894, the local committee 
suggested by Murray came into being : it 
took over the Ark and its contents includ- 
ing David Robertson’s extensive faunistic 
collections, and at once started to collect 
funds to build more permanent accommo- 
dation than that provided by the Ark, 
which as a matter of fact was destroyed 
by a storm in 1900. The necessary funds 
were duly raised, a site was granted by the 
Marquess of Bute, and in 1897 the Millport 
Marine Station was opened by John 
Murray. 


This is not the time to trace out the! 


chequered career in which the little Mill. 
port Station grew into the great marine 
laboratory as it exists to-day. It is the 
time, however, to emphasise that the 
Millport Station of to-day, known all 
over the world for its contributions to 
marine biology, had as its progenitor, 
the Scottish Marine Station at Granton. 

That station itself is no more. The 
building has gone. The quarry was filled 
up some years ago, its site sown with 
grass, and now forms part of the playing 
fields laid out by the Corporation of 
Edinburgh adjacent to the new promenade 
connecting Granton to Cramond. 

The Challenger Commission as a Gov- 
ernment body came to an end but the 
Challenger Office, transferred to Wardie, 
continued to exist, financed by Murray, 
There he continued his supervision of the 
collections along with active research 
work, 

He organised and superintended the 
important Bathymetrical Survey of the 
Scottish Lakes, the pioneer investigation 
of freshwater biology in our islands. 

In 1909, Murray urged upon the Inter- 
national Council for the Exploration of 
the Sea the importance of a further ex- 
pedition for the exploration of the North 
Atlantic. He followed this by offering to 
pay the costs of such an expedition if the 
Norwegian Government would lend their 
research vessel Michael Sars for the purpose. 
Murray’s offer was accepted and in April 
1910, the Michael Sars started on her cruise 
under the joint direction of Sir John 
Murray and the great Norwegian fishery 
expert Johan Hjort. Their general report 
entitled ‘The Depths of the Ocean’ 
forms a fascinating text-book on what 
had now grown into the great science of 
oceanography. 


24 


ao = 


M 
th 
WI 
tr 
in 
Li 
t 
al 
A 
Ca 
Pp! 
of 
of 
of 
fo 
CC 
n 
st 
r 
J 
0 
te 
| 


ut the 


e Mill. | 


Marine 
1s the 
at the 
vn all 
ns to 
enitor, 
aton, 

The 
filled 
1 with 
laying 
ion of 
ienade 


. Gov- 
ut the 
lardie, 
urray. 
of the 
search 


d the 
of the 
pation 


Inter- 
ion of 
er eXx- 
North 
ing to 
if the 
| their 
rpose. 
April 
cruise 
John 
ishery 
report 
cean’ 
what 


ice of 


ALCHEMY AND ALCHEMISTS' 
by 
Pror. JOHN READ, F.R.S. 


THe Nature OF ALCHEMY 

Most people who think about alchemy in 
the present age (and there are not many 
who do) regard it as the pretended art of 
transmuting base metals, such as lead, 
into the noble ones, silver and gold. 
Liebig held the view that alchemy was 
never anything else but chemistry ; from 
this point of view one may look upon 
alchemy as the chemistry of the Middle 
Ages. In its widest and truest signifi- 
cance, however, alchemy was a grandiose 
philosophical system which aimed at 
penetrating the mysteries of creation and 
of life ; it sought to place the microcosm 
of man in adjustment with the macrocosm 
of the universe ; the transmutation of one 
form of inanimate matter into another 
was merely an incidental alchemical goal. 

The more one studies alchemy, the more 
complex it appears. It was, indeed, a vast 
network of rudimentary chemistry, inter- 
woven with philosophy, astrology, mysti- 
cism, theosophy, magic, and many other 
strands. The associations of alchemy with 
religion and with psychology still offer 
wide fields of study ; in recent years C. G. 


Jung, in particular, has expressed the 


opinion that alchemy is no less important 
to psychology than to chemistry. 

Alchemy endured for more than a mil- 
lennium, that is to say, from at least early 
Christian times until the end of the seven- 
teenth century. But alchemy has long 
been outmoded, and so there is little reali- 
sation at the present day of the extent to 
which alchemical conceptions and imag- 
ery permeated the thought and art of the 
Middle Ages. 

Sketched in broad outline, the funda- 
mental ideas of alchemy were, first, that 
all forms of matter are one in origin ; 
secondly, that these forms are produced 


' Substance of an evening discourse delivered on 
August 10, 1951, during the Association’s meeting 
at Edinburgh. 
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by evolutionary processes ; thirdly, that 
matter has a common soul which alone 
is permanent : the body or outward form, 
being merely a mode of manifestation of 
the soul, is transitory and may be trans- 
muted. Here are views which in their 
essentials bear a remarkable resemblance 
to those of modern physical science. In- 
deed, in this twentieth century ‘ modern 
alchemy,’ as Lord Rutherford called it, 
has shown the possibility of bringing about 
many transmutations of elements. 
Alchemical reasoning was mainly de- 
ductive and based on two a priori assump- 
tions : first, the unity of matter ; secondly, 
the existence of a potent transmuting 
agent, known as the Philosopher’s Stone. 
From the postulate of the unity of matter 
it followed that this medicine of the metals 
became also the medicine of man. In 
this guise the Philosopher’s Stone was 
known as the Elixir Vitae, or Elixir of Life. 
From this summary it should be clear 
that alchemy was much more than an 
experimental science. It was a_philo- 
sophical system. In their true significance, 
the efforts made by the adepts to trans- 
mute metals were attempts to prove the 
truth of the broad philosophical system of 
alchemy by means of material experiments. 


OrIGIN OF ALCHEMY 

The universal patron adopted by the 
alchemists from early times and through- 
out the Middle Ages was Hermes Tris- 
megistos, or Hermes the Thrice-Great. 
In this Greek equivalent of the Egyptian 
Thoth, the deified intellect, the alchem- 
ical fraternity recognised the father of 
the Hermetic Art and the author of the 
Emerald Table. The thirteen precepts 
of this Table formed the articles of associa- 
tion of the so-called ‘Sons of Hermes’: it 
laid down in cryptic language the guiding 
principles of their creed. 

Thoth, as depicted in ancient Egyptian 


Alchemy and Alchemists 


temples, was sometimes shown with the 
crux ansata (the symbol of life) in the right 
hand, and a staff in the Jeft. Linked with 
the staff were a serpent, a scorpion, a 
hawk’s head, a circle, and an asp. Each 
of these representations had its particular 
symbolical meaning. Such symbolism 
was later characteristic of alchemy ; and 
even modern chemistry, the daughter of 
alchemy, is to a large extent a science of 
symbols. 

The origin of alchemy has often been 
ascribed to Egypt, otherwise known as 
Khem, the Biblical Land of Ham. Some- 
times it has been supposed that alchemy 
arose farther to the east, in Chaldea, or 
even in China. The Chaldeans, as ex- 
ponents of astrology, associated the sun, 
moon and planets with specific metals, 
and also with human organs and destinies. 
Still farther east, in ancient China, 
alchemical ideas may be traced as early 
as the fifth century B.c. in the com- 
prehensive religious and_ philosophical 
system known as Taoism. Much later, in 
the second century A.p., Wei Po-Yang, 
‘the father of Chinese alchemy,’ wrote 
the first treatise in Chinese dealing with 
alchemy, in which he described the pre- 
paration of the ‘pill of immortality,’ 
otherwise the Elixir Vitae. 

The ultimate origin of alchemy is thus 
a vexed question. There is little doubt, 
however, that alchemical knowledge and 
ideas were gathered from the ancient 
civilisations of Egypt, Babylonia, India, 
and China, and brought to a focus in 
Greece. From Greece this corpus of 
alchemy was transmitted to Islam, mainly 
through Syria and Persia. Eventually the 
accumulated knowledge of the Muslim 
alchemists, drawn from these various 
sources and augmented in its passage 
through Islam, was brought into Western 
Europe, chiefly through Spain. 


ALCHEMICAL THEORY 

Alchemy, like modern science, had its 
guiding theoretical principles. The funda- 
mental theory of alchemy was that of the 
Four Qualities and Four Elements, often 
represented in a diagram formed of an 
outer and an inner square. 

The corners of the outer square carry 
the names of the four elements: fire, 
earth, water and air. The corners of the 
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inner square, situated at the mid-points 7 
of the sides of the outer square, are allo. | 


cated to the four fundamental qualities : 


the hot, the dry, the cold, and the wet, | 


The diagram shows that fire is hot and 


dry ; earth, dry and cold; water, cold | 


and wet; air, wet and hot. These four 
elements may also be looked upon as 
representing energy (fire) and the solid, 


liquid and gaseous states of aggregation of | 


matter (earth, water, air). 


FIRE 


_ 
AIRC | DEARTH 
wer. 
WATER 


The four qualities and the four elements 


This theory, usually ascribed to Aris- 
totle, may be traced in Egypt and India 
as far back as 1500 B.c. It is the oldest 


theory of physical science, and it was | 


very widely held, in one form or another, 
over a long period. It bears out the state- 
ment that ‘ there is a great oneness in the 
human mind in the matter of broad 
principle in crude cosmical ideas.’ 

According to the theory, water—one of 
the four elements of the material world— 
is an embodiment of cold and wet quali- 
ties. When the cold quality is replaced by 
the hot one, the element water is changed 
into the element air, embodying the wet 
and hot qualities. The idea of trans- 
mutation is thus implicit in the theory. 
Nowadays, of course, this process is viewed 
simply as a change of liquid water through 
the agency of heat into the gaseous form 
of the same substance, and there is no 
question of transmutation. 

In essence, this ancient theory is based 
upon a primitive mode of thinking some 
times known as the Doctrine of the Two 
Contraries. This is dependent upon the 
recognition of a distinction between oppo 
sites, such as cold and hot, dry and wet. 
An apposition of outstanding importance 
in alchemy was that of the two opposed, 
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or contrary, elements—fire and water. 
These two opposites came to light in a 
new guise in the sulphur-mercury theory 
of the metals, which seems to have been 
propounded by the Muslim alchemists in 
the ninth century A.D. 

The principle here known as ‘ sulphur ’ 
was essentially an embodiment of com- 
bustibility, and ‘ mercury’ denoted the 
mineral spirit of metals and also liquidity 
or fusibility. It was held that when these 
two natural principles, engendered in the 
bowels of the earth, came together in a 
state of purity the result was gold ; if they 
were slightly impure they gave silver ; if 
they were markedly impure they furnished 
only the baser metals. Beyond this, it was 
supposed that in states of superfine purity 
they could give rise to something so much 
purer than ordinary gold that a small 
amount of this product (the Philosopher’s 
Stone) would be able to transmute a very 
large quantity of a base metal into gold of 
ordinary purity. 

The chief experimental task of the 
alchemical adept was to imitate, and even 
surpass, Nature in accomplishing such 
changes. 

In the cryptic expression and symbolic 
representation of alchemy, sophic sulphur 
and sophic mercury (as the two principles 
were often called) assumed many forms. 
For example, they were known as Osiris 
and Isis, sun and moon, Sol and Luna, 
brother and sister, masculine and feminine, 
active and passive, giver and _ receiver, 
fixed and volatile, wingless lion and 
winged lioness, and so forth. 

It was supposed by the esoteric al- 
chemists, or adepts, that the pure ‘ seeds ’ 
of gold and silver (or quicksilver) could be 
extracted from these metals in the form 
of sophic sulphur and sophic mercury. 
These ‘ seeds’ could then be combined, 
often in a liquid menstruum, to yield the 
Philosopher’s Stone. The succession of 
processes here concerned was known as 
the Great Work, leading to the prepara- 
tion of the Philosopher’s Stone, or Grand 
Magisterium. The Stone, resulting from 
the union of masculine and feminine prin- 
ciples, was often symbolised as an infant. 

According to these views, in order to 
prepare the Philosopher’s Stone an initial 
quantity of gold was necessary. The Stone 
(often described as a red powder) could 
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then be used to convert base metals into 
more gold, so that the original gold was 
* multiplied,’ as the alchemists used to say. 
One of their favourite metals for ‘ multi- 
plication ’ was mercury, and this choice 
has been curiously vindicated by mod- 
ern observations that gold can indeed 
be produced by transmutation from mer- 
cury, although only in excessively minute 
amounts and at great cost. 

In modern parlance it would be correct 
to ca]l the Philosopher’s Stone a catalyst. 
Here again the alchemists are vindicated ; 
for what more potent catalyst could be 
imagined than the neutrons which start 
and maintain the explosive disintegration 
of uranium-235 into other elements ? 
‘Everything possible to be_believ’d,’ 
wrote the English poet and mystic, 
William Blake, ‘ is an image of truth. . . . 
What is now proved was once only 
imagin’d.’ 

Alchemical literature abounds in cryptic 
descriptions and pictorial representations 
of the blending of sophic sulphur and 
sophic mercury in the synthesis of the 
Stone. For example, a wingless lion and 
winged lioness are shown in playful con- 
flict, with a watery background (repre- 
senting the liquid menstruum, or Hermetic 
Stream) ; an alchemist is depicted in the 
act of balancing equal weights of fire and 
water ; the Hermetic Androgyne—half 
man, half woman—stands above a dragon, 
signifying the menstruum. 

Incidents from the Bible and from 
classical mythology were also freely ad- 
apted to alchemical ends. Thus, in an 
illustrated manuscript in the St. Andrews 
collection, the birth of Eve from Adam’s 
rib, with the Serpent as onlooker, is de- 
picted to symbolise the same fundamental 
idea as the Hermetic Androgyne. As 
an example of another kind, taken from 
a different source, Apollo and Artemis, 
with the terrorising serpent of Juno, are 
selected from classical mythology in order 
to furnish a further pictorial illustration 
of the same conception. Some alchemists 
went so far as to insist that the whole 
corpus of classical mythology was nothing 
more than a complex medium designed 
expressly to record alchemical truths in 
concealed allegories and ‘ abstract riddles 
of our Stone,’ as Ben Jonson phrased it in 
his play, The Alchemist (1612). 
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ALCHEMICAL SYMBOLISM 

Pictorial symbolism is an ingredient of 
the first importance in alchemy. Many of 
the designs were characterised by colour 
schemes suggestive of heraldry. Among 
medieval examples, the so-called ‘ figures 
of Abraham the Jew,’ dating from the 
early years of the fifteenth century, were 
held in great reverence by alchemists of 
succeeding ages. These figures were 
ascribed to Nicolas Flamel, a Parisian 
alchemist of great repute ; they took the 
form of a series of elaborate frescoes, 
decorating the arcade of the churchyard 
of the Innocents in Paris. The designs, 
executed in colour, were capable of a dual 
alchemical and religious interpretation. 
The Biblical story of the massacre of the 
innocents by King Herod formed a central 
feature of the series. Herod was pictured 
as ‘a King with a great Fauchion.’ 
Mothers were shown in the act of weeping 
‘at the feet of the unpittiful Souldiers ; 
the bloud of which Infants was put in a 
great vessel, wherein the Sun and Moon 
came to bathe themselves.’ In other words, 
infants’ blood was merely a cryptic repre- 
sentation of the liquid menstruum which 
was supposed to aid in the conjunction of 
sophic sulphur and sophic mercury. 

As another example, an_ illustration 
entitled the ‘ First Key of Basil Valentine ’ 
(c. 1600) shows a king and queen as the 
central feature. Below the king a wolf 
leaps over a heated crucible, and near the 
queen an old man with a wooden leg 
manipulates a scythe around a cupel. 
An accompanying ‘ explanation’ directs 
the operator: ‘ Take a fierce grey Wolf. 
Cast to him the body of the King, and 
when he has devoured it, burn him entirely 
to ashes in a great fire. By this process 
the King will be liberated ; and when it 
has been performed thrice the Lion has 
overcome the Wolf, who will find nothing 
more to devour in him. Thus our body 
has been made fit for the first stage of our 
Work.’ 

The alchemical wolf, lupus metallorum, 
was ‘ antimony ’ (stibnite, or native anti- 
mony sulphide), used in the heated 
crucible as an agent for purifying gold, 
since it ‘devoured’ traces of metallic 
impurities. The wooden-legged ancient 
signified Saturn, that is to say, either the 
slow-moving planet of that name or the 
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dull, heavy metal, lead. The scythe, like 
other sharp implements, symbolised fire, § 
This part of the design therefore repre. 


sents the cupellation of argentiferoy 


lead, furnishing pure silver. In brief, the | 
First Key of Basilius shows how to begin 
the preparation of sophic sulphur and | 


sophic mercury, in readiness for the next 
operation of the Great Work. 


Probably the finest artistic examples of 
the avowed symbolism of alchemy are the | 


beautiful copper engravings of Johanne; 
Theodorus de Bry and his associates: 
these occur notably in various alchemical 
works of Count Michael Maier, such a; 
Atalanta Fugiens and Symbola Aureae Mensa, 
published at Oppenheim and Frankfurt 


during 1617-18. These plates are boldly | 


engraved: textures are conveyed by 
different systems of shading; human 


figures are drawn forcefully and correctly ; | 


the compositions have an effect of bril- 
liance and solidity, enhanced by strong 
modelling and shadows. 

Apart from such ad hoc pictorial repre- 
sentations of alchemical tenets, a strong 
alchemical influence pervaded much of the 
art of the Middle Ages. It found expres- 


sion repeatedly in the painting, decora- | 


tive architecture, sculpture and coloured 
glass of this era. Alchemical ideas and 
symbolism may be traced in detail, for 
example, in the work of such artists as 


Direr, Cranach, Giorgione and Cam- | 


pagnola. It may even be claimed that 
every detail in Direr’s masterpiece of 
engraving, ‘ Melencolia’ (1514), is capable 
of an alchemical interpretation : _ the 
doctrine of melancholy is inseparably 
bound up with the Saturn mysticism 
which permeates alchemy (1). 


DECLINE OF ALCHEMY 

The outstanding practical aim of al- 
chemy until the sixteenth century was 
the transmutation of base metals into gold, 
whether from purely philosophical or 
mercenary motives. Early in the sixteenth 
century Paracelsus endeavoured to give 
a new direction to operative alchemy 
by insisting that its main goal should be 
the healing of disease rather than the 
making of gold. He envisaged alchemy 4 
a handmaid of medicine, to be applied 
in the preparation of chemical remedies 
of mineral origin. He sought to liberate 
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medicine from the obsession of the ancient 
Galenic order, and in this sense he takes 
rank beside such contemporaries as Luther, 
Copernicus and Columbus as an emanci- 
ator of mankind from the trammels of 
authority. The ensuing period of iatro- 
chemistry or medico-chemistry, lasting 
until the eighteenth century, witnessed a 


- glow decline of the old alchemy. 


Paracelsus was essentially a reformer 
and propagandist of the Renaissance. 
His chief contribution to alchemy was 
his modification of the sulphur-mercury 
theory by the introduction of a third 
principle which he named salt. In his 
system of the tria prima, or three hypo- 
statical principles, sulphur, mercury and 
salt stood materially for inflammability, 
metallicity and uninflammability (fixidity) 
and mystically for the soul, spirit and body 
ofman. The second half of the seventeenth 
century found both the old alchemy and 
iatro-chemistry on the wane. Despite 
their excesses, both the alchemists and 
the iatro-chemists had done a great deal 
to accumulate chemical knowledge and 
to prepare the way for the incipient 
science of chemistry which was to arise in 
the second half of the eighteenth century. 

It is sometimes held that the publica- 
tion of The Sceptical Chymist by Robert 
Boyle in 1661 heralded the end of alchemy. 
It is true that Boyle dismissed to his 
own satisfaction in this famous book the 
systems of the four elements and the tria 
prima and put forward the modern idea 
of an element; but the emergence of 
modern chemistry had to wait for more 
than another century. ‘ During this Indian 
summer of alchemy the stage was held by 
the Theory of Phlogiston, while the four 
elements and the three hypostatical prin- 
ciples hovered behind the scenes like 
ghosts reluctant to be laid. Phlogiston, an 
imagined inflammable principle present 
in all combustible bodies, was essentially 
a revival of sophic sulphur, claiming noble 
descent from the Sun god of the primitive 
religions. Phlogiston melted finally “ into 
air, into thin air” with the discovery, 
in the second half of the eighteenth cen- 
tury, of the chemical composition of the 
ancient “elements” air and water and 
of the true nature of combustion. These 
discoveries ushered in the era of modern 
chemistry (2). 
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TYPES OF ALCHEMISTS 

The term ‘alchemist’ has been used 
throughout the ages to denote men, of 
many kinds, with a real or professed know- 
ledge of alchemy. These ranged from 
impostors and charlatans having no claim 
to the title, through puffers (souffleurs), 
goldmakers, skilled practicants, and schol- 
astic philosophers, to adepts and religious 
mystics. 

Simon Forman (d. 1611), the original 
of Ben Jonson’s alchemist, Subtle, was a 
typical charlatan, gaining a livelihood by 
imposture and having a mere smattering 
of alchemical knowledge. The puffers— 
so called from their unintelligent addic- 
tion to the bellows—were uninformed 
‘labourers in the fire,’ exoteric exponents 
of alchemy who were animated solely by 
avarice : their number was legion. Some 
of the goldmakers were indistinguishable 
from the puffers ; but others, possessing 
a definite grasp of the principles of 
alchemy, occupied a higher position in the 
alchemical hierarchy. Goldmakers were 
often attached to courts and subsidised 
by princely patrons. One of the most 
picturesque of this kind was Damian, 
alchemist to James IV of Scotland, and 
Abbot of Tungland in Galloway. Damian, 
who is said to have been a Lombard, 
varied his alchemical experiments in 
Stirling Castle by undertaking one of the 
earliest experiments in artificial flight, 
with the aid of a pair of wings made 
of feathers. He took off in September 
1507 from the lofty battlements of Stirling 
Castle ; but, according to a contemporary 
account, ‘shortlie he fell to the ground 
and brak [broke] his thee bane [thigh 
bone].’ In the true alchemical manner he 
attributed this result to the substitution, 
in his wings, of eagle’s feathers by hen’s 
feathers, ‘which yearned and coveted 
the mydding [dunghill] and not the skyis 
[skies].’ 

Scotland figures a good deal in the 
history of alchemy. Also in Scotland 
there are some outstanding collections of 
alchemical literature, particularly the 
Ferguson and James Young Collections 
in Glasgow, and others in St. Andrews, 
Edinburgh and Aberdeen. A_ century 
after Damian’s exploit, Scotland produced 
a mysterious itinerant goldmaker in the 
person of Alexander Seton, otherwise 
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known as ‘The Cosmopolite.? He has 
also been called ‘the chief martyr of 
alchemy ’ ; for his dramatic career is said 
to have ended in tragedy at Cracow in 
1604, as a result of his experiences in the 
torture-chamber of the Elector of Saxony 
at Dresden (3). 

The numerous paintings of alchemists 
and alchemical interiors, notably by 
Brueghel, Stradanus, ‘Teniers, Steen, Wijck 
and other artists of the Low Countries, 
are mainly concerned with alchemists of 
the kinds that have been mentioned (4). 
Such genre representations of these 
painters and of artists in Italy, Spain, 
Germany and other countries, are of great 
interest and value to historical science. 

Alchemists of a severely practical type, 
who were interested chiefly in chemical 
phenomena and in the discovery and ap- 
plication of new substances and processes, 
are typified by such men as Brunschwick, 
Agricola, Libavius and Glauber; _ the 
scholastic philosophers by Roger Bacon 
and Albertus Magnus ; and the religious 
mystics, who viewed alchemy as ‘ the 
Divine Art,’ by Ripley and Khunrath. 


ALCHEMICAL Music 

Among the mystical alchemists, Count 
Michael Maier calls for special mention. 
He was physician, private secretary, and 
alchemist to the Emperor Rudolph II 
(the so-called ‘German Hermes’) at 
Prague, early in the seventeenth century. 
A man of many accomplishments, Maier 
was also a philosopher, mystic, classical 
scholar and musician. He was a volu- 
minous writer of great credulity, and 
he carried to extremes the alchemical 
interpretation of Egyptian and classical 
mythology. This subject forms the chief 
theme of his Atalanta Fugiens (1618), a 
quaint and fascinating work handsomely 
embellished with fifty copper engravings 
by de Bry and his school. Each engraving 
is provided with a cryptic title and a Latin 
epigram written in elegiac couplets. 
Each epigram is set to music, in the form 
of so-called ‘fugues,’ which are in reality 
canons in two parts against a repeated 
canto fermo. In allusion to the classical 
legend, these three parts are termed, 
‘ Atalanta, or the fleeing voice,’ ‘ Hippo- 
menes, or the pursuing voice,’ and ‘ The 
apple in the path, or the delaying voice.’ 
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Presumably, in view of the alchemical ; 
belief in the beneficent influence of music, f 


the final processes of the Great Work, 
carried out in the sealed Vessel of Hermes 


and directed by prayer as well as by chemi- j 
cal and astrological influences, were some. { 


times undertaken to the accompaniment 
of musical chants or incantations. 
religious mystics among the alchemists 
these processes would partake of the 
nature of a religious ritual, and it would 
be natural for them to introduce music 
from one of these closely related activities 
to the other. It must be emphasised 
also that alchemical theories and ideas 
came largely from ancient Greece, and 
that the alchemists followed Pythagoras 
and Plato in ascribing a particular im- 
portance to number and harmony in the 
interpretation of Nature and the universe, 
In 1935, some of these alchemical 
canons (5) were sung in public for the 
first time by members of the St. Andrews 
University choir, at the Royal Institutionin 
London. Fuga XVIII may be mentioned 
as typical. The Latin epigram begins: 


Si quod agens fuerit naturae, mittit in 
orbem 
Vires atque suas multiplicare cupit.... 


‘Whatever active principle there is in 
nature, it sends out its force in all direc- 
tions and loves to multiply the same.’ It 
is of interest that some manuscript notes 
of Atalanta Fugiens, made by Sir Isaac 
Newton, and now in the St. Andrews 
collection, bear a special mark of emphasis 
beside this particular epigram. 
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ANCILLARY AIDS TO ARCHAEOLOGY 
by 
K. D. M. DAUNCEY 


Ar the Edinburgh Meeting of the British Association the final session of Section H 
(Archaeology and Anthropology), on August 14, 1951, was devoted to consideration of 
ancillary aids to Archaeology. Dr. Axel Steensberg of the National Museum at 
Copenhagen described the use of pollen analysis, charred grain and wild seeds to 
elucidate climatic change and its social consequences ; Mr. K. D. M. Dauncey, of 
Birmingham University, described the use of concentrations of phosphate in soil to 
identify archaeologically important sites of human occupation ; and Mr. R. J. C. Atkinson 
of Edinburgh University, described the use of electrical resistivity in archaeological 
surveys. Each of the papers contained accounts of the results of recent work using these 
techniques and the authors critically examined the future possibilities and limitations of 
the techniques in archaeological field work. Mr. Dauncey has edited the three papers. 


Tue ARCHAEOLOGICAL DATING OF THE Germany and for Iceland, but the entries 
Cumatic CHANGE ABOUT A.D. 1300 are necessarily subjective and in the 
by absence of actual measurements are of 

little use for studying climatic change. 
Dr. Axel Steensberg Documentary sources do, however, pro- 

Tue general cessation of large-scale coloni- vide more valuable evidence when they 
sation of agricultural land throughout record the abandonment of medieval 
Northern Europe in the late thirteenth farms or villages. The first such record in 
century, followed as it was by the aban- Denmark is for 1334. Throughout the 
donment of many medieval villages, used _ next three or four hundred years hundreds 
to be explained as the result of the Black of villages were abandoned in Denmark, 
Death and, at least on the Continent, of the majority of them shown by the name 
depopulation caused by successive wars. ending ‘-thorpe’ to have been brought 
In the early decades of this century, into existence only from the tenth century 
however, scientific—and specifically, cli- onwards. One small district of Jutland 
matic—explanations of major trends in probably lost more than 50 per cent. of 
economic history became popular. Briick- such villages. The tithe records from 79 
ner in Germany and Elsworth Huntington Sealand parishes suggest a decline of 70 
in America were outstanding exponents of per cent. of their cultivated area. A 
this view, which gave rise to prolonged similar retraction is well known from 
controversy amongst Scandinavian his- English sources, and has indeed been 
torians and scientists. The problem can shown to have been general throughout 
now be treated more dispassionately than Northern Europe. The contraction is 
was possible at the height of the con- associated with a decrease of population 
troversy. The evidence suggesting a cli- and migration into towns. Rising wages, 
matic change about a.p. 1300 can be associated with falling corn prices and 
reviewed with the help not only of literary rising meat, butter and wool prices led 
sources but also of an important body of to increasing concentration on cattle and 
new scientific evidence. sheep raising instead of arable farming. 
References to the weather in medieval The fall in corn prices has been shown by 
annals have been collected in large num- Scheiner of Norway to have started from 
bers for several parts of. Scandinavia, for about 1300, well before the first outbreak 
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Ancillary Aids to Archaeology 


of pestilence. Postan, at Cambridge, 
however, has indicated that the corn 
production, records of which were kept at 
certain English abbeys and manors, does 
not show any decline starting anywhere 
around 1300. He considers that it was 
declining population rather than climatic 
change which was responsible for changes 
in English economy. Postan agrees how- 
ever that in England as in Denmark it 
was the more recently colonised lands 
which went out of cultivation and which 
bore the brunt of depopulation. Without 
arguing that climatic change was neces- 
sarily all-important, it is nevertheless 
possible that the areas to which the English 
records relate were those which had been 
cultivated for a long period, and that the 
high humus content of such land would 
not be affected by climatic change nearly 
so quickly as would the much more raw 
soils of those areas which in fact were the 
first to be abandoned. This does not 
prove that any climatic change did occur, 
but shows that records of English corn 
output are not necessarily inconsistent 
with climatic deterioration. The evidence 
is in fact negative, as indeed the literary 
sources as a whole must tend to be. 
Amongst attempts to make the maxi- 
mum use of scientific evidence, Swedish 
investigators have tried to correlate tree 
ring series from Sweden with the findings 
of American dendrochronologists, but it 
still remains to be shown that different 
types of climate affecting the growth of 
different species of trees justify such 
comparisons. Norlund’s deductions about 
the climate of Greenland, based upon the 
preservation of buried corpses, has also 
been the subject of controversy. Norlund 
argued that the climate of Greenland had 
been relatively warm in the thirteenth and 
fourteenth centuries because there had 
been time for plant roots to force their way 
into coffins before the ground-water at the 
relevant depth, and the corpses themselves, 
had all been frozen. Against this Nansen 
has objected that the depth to which 
summer thaws penetrated might have been 
diminished by the deposition of new 
layers of earth or by the interruption of 
drainage, affecting the depth of frozen 
ground-water. More recently Iversen has 
produced geological and botanical evi- 
dence to indicate that there has been little 
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climatic change in Greenland throughout 
the last thousand years, although it did 
become somewhat more dry a short time 
before the abandonment of the Norse 
colonies. 

A correlation by Thorarinsson of Reyk. 
javik of botanical evidence with the 
chronology of volcanic eruptions in Ice. 
land has produced more definite results, 
The big eruption of Hekla can be dated 
to 1300. The ashes of the eruption can 
be identified in peat-bogs, which also 
show that corn-growing (especially barley 
and oats) had started with the Viking 
settlement, but that climatic changes had 
almost brought it to an end by 1300, 
This decrease of corn production cannot 
have been due to the facilitation of corn 
imports as a result of medieval Hansa 
trading : the tenth century witnessed the 
peak of Iceland’s intercourse with foreign 
countries and also the peak of the island’s 
wheat production. 

The glaciers of Iceland in fact advanced 
from the late Middle Ages until about 
1700. They were retreating again by 
1850 and some corn production is now 
possible once more. 

Firbas and others have shown that 
between the fourteenth and seventeenth 
centuries the tree-line of the Central Alps 
was between 100 m. and 200 m. lower 
than either before or after that period. 
In the Western Alps the glaciers started 
to advance from about 1300, and to 
retreat again during the fifteenth century. 
A new advance began about 1600. 

One other source of information from 
Central Europe indicates a deterioration 
of climate after 1300 and should be asso- 
ciated with the advance of the glaciers. 
The fall in silver production throughout 
Europe in this period must be connected 
with many specific statements about water 
difficulties in Central European mines. 
The mines of Dutchbrod were abandoned 
as early as 1321, and unsuccessful attempts 
to overcome water difficulties are reported 
from widely separated areas throughout 
the century. Real success was only 
achieved after extensive investments in the 
mines and their equipment had been made 
in the late fifteenth century. 

It was in 1931 that Granlund of Sweden 
published his first observations on a s0- 
called recurrence-surface which he dated to 
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: approximately A.D. 1200. This surface, 
| like the well-known grenzhorizont, repre- 
sents the renewal of the growth of sphag- 
' num in peat bog as a result of a relative 
increase of atmospheric wetness compared 


with the period preceding it. The 
grenzhorizont is in Granlund’s terminology 
RY III ; the surface which he assigned to 
about 1200, RY I. Mikkelsen of Copen- 
hagen subsequently identified five bogs in 


Jutland which showed this surface RY I, 


and later still showed that the climatic 
change is characterised by the rise of the 
beech curve in the pollen diagrams and by 
the occurrence of the corn-flower, Cen- 
taurea cyanus, the latter in quantities which 
must be regarded as very considerable, 
since the pollen grains of this plant are 
distributed only by insects. With a couple 
of dubious exceptions, cyanus pollen had 
not previously been identified in Denmark 
in any horizons later than the late glacial 
period. 

Jonassen has also identified RY I and 
noted its correlation with the rise of the 
beech curve although his sections, having 
been cut in uncultivated areas, have not 
produced cyanus pollen. Jessen in his 
recent work on Irish flora history has 
noticed similar, though as yet undated, 
surfaces. Granlund’s date of about 1200 
has always been, itself, very problematical. 

Further light on the date of the surface 
RY I is now available. Excavating the 
village of Bolle, in Northern Jutland, 
which was abandoned for local reasons in 
1650, Steensberg and Mikkelsen have 
been able to follow a peat layer from a 
bog, which was associated with the exis- 
tence of a mill-pond, to a point in the 
settlement area where an iron reducing 
hearth was actually stratified within the 
peat. This hearth contained pottery date- 
able between 1250 and 1350. The mill- 
pond had not, of course, been made in a 
sphagnum bog and the recurrence-surface 
RY I could not, therefore, be traced, but 
the level in the peat which can thus be 
dated archaeologically was just that in 
which the beech curve rises and in which 
Centaurea cyanus starts. The bog had in 
fact been dry from the Viking period or 
the very early Middle Ages until just up 
to the period of the dated finds. The 
increase of beech pollen need not of course 
be itself the direct result of a wetter climate. 


Ancillary Aids to Archaeology 


It may, as Iversen has suggested, be only 
an increase relative to the disappearance 
of other tree species formerly represented 
in the bog. 

The appearance of the cornflower must 
be connected in some way with wheat cul- 
tivation. The flower nowadays flourishes 
mainly in wheat fields which have suffered 
heavily from frost. Knowledge about the 
kinds of wheat grown in medieval Den- 
mark is as yet far from complete, although 
progress on the subject has been made by 
the pioneer work of Helbaek, on the study 
of carbonised cereals and cereal impres- 
sions on pottery from England, Ireland, 
Holland and Denmark. In his work with 
Jessen on the cereal remains of England 
the authors have already shown that much 
so-called wheat from early periods should 
really be classified as naked or hulled 
barley, emmer or small spelt. Other 
recent research in which Steensberg him- 
self has been associated with Helbaek 
shows the possibilities of extending know- 
lege in this field. At two sites recently 
excavated by Steensberg in Sealand it has 
been possible to assign dates to finds of 
carbonised grain from the Middle Ages, 
and the work of one of these sites, Store 
Valby, near Slagelse, has led to the labora- 
tory treatment of every occurrence of 
black earth which might contain car- 
bonised material and to which an archae- 
ological date could be assigned. It is 
hoped that it will soon be possible in this 
way to reconstruct a generalised sequence 
of plants for the Middle Ages. Such 
research will yield more exact information 
than has been available hitherto about the 
true character of the climatic change of 
about a.p. 1300, but it is important, if 
this is to be achieved, that excavations of 
abandoned medieval villages should be 
conducted in such a way as to ensure that 
dated botanical material is in fact made 
available for study. 


PHOSPHATE CONTENT OF SOILS ON 
ARCHAEOLOGICAL SITES 


by 
K. D. M. Dauncey 


ARRHENIUS first noticed in the 1920’s, in 
the course of investigations into the phos- 
phate content of Swedish farmlands, that 
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certain high concentrations of phosphoric 
acid in the soil could be explained only 
as the result of human _ occupation. 
Concentrations occurred not only in and 
around existing villages, but also on the 
sites of prehistoric occupation. Arrhenius 
further demonstrated a close correlation 
between the distribution of phosphate 
within such concentrations and the actual 
nuclei of settlement, as demonstrated 
archaeologically. 

Arrhenius’ analyses were carried out 
with 2 per cent. citric acid followed by 
molybdenum-blue colorometric determi- 
nation. His results were expressed as mg. 
of readily soluble P,O,; per 100 g. of soil 
(1/1000 per cent.). On the mesolithic 
site of Aaterval the maximum figures 
were as high as 800 mg., whereas a little 
lower down the raised beach, away from 
the settlement, they were no higher than 
50. On medieval sites the maxima were 
lower, but the figures were always entirely 
decisive. 

Such accumulations of phosphoric acid 
in soil are due to the prolonged deposit of 
the whole range of organic materials which 
are deposited, used, or wasted on the sites 
of human settlement. The retention of 
phosphoric acid over long periods is partly 
due to its use and redeposit by plants, but 
chiefly to its high resistance to leaching or 
similar movement. Retention is highest 
in soils rich in calcium and iron, and in 
clays generally, but even in coarse sands 
Arrhenius’ discovery holds good. 

Arrhenius recognised the possibilities of 
phosphate sampling for the identification 
and location of archaeological sites. He 
was less successful when he tried to show 
that if allowance was made for their size, 
a correlation existed between the phos- 
phate content of medieval village sites and 
their age. He had himself to explain 
unsatisfactory features of the theory by 
saying that the place-name evidence used 
as an indication of age was unreliable. 

Arrhenius’ research was taken up in 
Denmark by Werner Christensen. Apart 
from work on the sites of Early Iron Age 
houses, Christensen carried out a detailed 
survey of the site of the village of Stokkerup 
which was deliberately destroyed in 1670. 
Using 1 per cent. HNO, for his acid 
extraction, he showed that the original 
village nucleus gave readings of an average 
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of 100 mg. of readily soluble P,O, per 
100 g. of soil, with a maximum of 340 mg, F 
The area of medieval strip cultivation 
gave readings of about 10 mg., the area | 
outside them readings of about 5mg. In | 
the village area itself 7 tons of readily 
soluble P,O; had accumulated in the 
upper 50 cm. of soil per hectacre, making 
some 125 tons in all, or about the same 
quantity that would be found in 700 tons 
of 18 per cent. superphosphate. Samples 
taken within the Viking ring-fort of 
Trelleborg showed that Arrhenius’ theory 
holds good even where, as the archaeologi- 
cal evidence suggested the occupation was 
relatively short, although the phosphate 
content recorded within the fort is nowhere | 
as high as in the nearby village of Naseby, | 
occupied since at least the early Middle | 
Ages. 
In 1940 Lorsch, in Germany, attempted 
to pursue a further aspect of this research 
which had already been mentioned by 
Arrhenius. The high figures from Swedish 
Stone Age sites are probably due to their 
food-gathering economy, with the waste of 
wild animal, fish and vegetable diets all 
concentrated within a limited occupation 
area, whereas an advanced agricultural 
settlement spreads much of its organic 
waste over a wider area through the agency 
of its livestock and through deliberate 
manuring. Lorsch claimed to be able to 
distinguish the characteristic graphs pro- | 
duced by lines of phosphate samples taken 
across a range of settlements of differing | 
economic character. Such graphs might 
even show a change of economy. The 
possibilities are well worth further re- 
search, but Lorsch’s sampling technique 
and his determinations appear to have 
been crude compared with those of | 
Arrhenius and Christensen, and his eco- 


nomic distinctions somewhat theoretical. 

The Archaeology Department at Bir- 
mingham University has recently taken up 
experimental work in phosphate analysis. 
With the assistance of Werner Christensen, 
of other Departments in the University 
and of the Ministry of Agriculture Ad- 
visory Service, it has been possible to 
study methods of investigation suitable 
for British archaeological sites and appro- 
priate to the soil types on which they 
occur. Samples from abandoned medieval 
villages in Nottinghamshire have shown 
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- siderable fluctuations of water-table. 


- in arable cultivation. 
_ Roman station is known from air photo- 


' results very similar to those of Arrhenius. 
' One such site, where the occupation was 
| very short, produced samples in excess of 
' 200 mg. readily soluble P,O, per 100 g. of 
' soil, whereas the immediately adjacent 


land, under modern cultivation, showed 
a range between 2 and 10 mg. For the 


_ analyses of these samples and for those 
- discussed below N/2 acetic acid followed 
by the usual colorometric determination 
has been used. 


A more elaborate experiment was 
carried out at Brough, the Roman posting 
station ‘ Crococalana’ lying across the 
Foss Way in Nottinghamshire. The settle- 
ment is on a soft sand of the Trent gravels. 


_ The surface loam shows slight podsolisa- 
- tion,is liable to noticeable wind movement, 


and has rapid natural drainage with con- 
The 
site is now a hamlet, the two or three farms 
there being engaged almost exclusively 
The area of the 


graphs, from the scatter of pottery and 
coins, and from the dark deep soil which 
here, as on comparable sites, defines the 
actual area of intensive occupation with 


- considerable precision. There is, of course, 
_ some obvious connection between the 
depth and high humus content of the soil 
_ and its high phosphate content. 


A line of samples across the station at 


a right angles to the Roman road produced 
' figures below 20 mg. per 100 g. soil until 


almost the exact position of the defences, 
as revealed by air photography. Within a 
few yards the figures climbed to 150 mg. 


_ and within the station area reached only 


a little short of 200. On the other side 


high readings overshot the defences. 
_ Pottery and coins show that there was in 


fact fairly intensive extra-mural occupa- 
tion on that side, and also the Roman 
cemetery. Clear of the area so occupied 


nis figures sank very rapidly to less than 
mg. 
_ 80 mg. within the occupation area can be 


Three figures of little more than 


' | €xplained by Roman building lime ob- 


_ Served in the samples in question. 


A line not quite parallel to the Roman 


toad again defined the boundaries with 


precision. To the north the figures, after 
falling at the defences, rose again errati- 
cally to 80 mg. The probability of extra- 


_ Mural settlement along the line of the 
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road is supported by vague ditches and 
the like shown on the air photographs. 
To the south, again clear of the defences, 
the figures are actually higher than any- 
where within the station, reaching a peak 
of 240 mg. These figures caused much 
surprise until fresh air photographs re- 
vealed a further enclosure outside the 
station and coinciding with the phosphate 
increase. There is reason to suppose that 
this may been have the farm or enclosure 
for the horses of the imperial post. The 
high phosphate areas to north and south 
of the settlement were not marked by the 
deep dark loam with which the station 
itself is distinguished. 

The steady processes by which human 
activity may chemically enrich soils around 
its own settlements is an_ interesting 
example of man’s alteration of his environ- 
ment, and of great importance in the study 
of prehistoric human ecology. The im- 
portance of phosphate analysis for prac- 
tical archaeological discovery must not, 
however, be exaggerated. Aerial photo- 
graphy and other techniques can normally 
provide more detailed knowledge of 
archaeological sites—or reveal more new 
ones—with less labour and expense than 
are involved in the relatively vague indi- 
cations which are all that can be provided 
even by elaborate and large-scale sampling. 
For some investigations, however, the 
phosphate survey may be of value, 
especially where the position of very 
flimsy dwellings has to be sought, such 
as the occupation nuclei within extensive 
areas marked by the scattered remains 
of mesolithic flint working, or by thin 
pottery scatters from later periods ; or, 
again, where search has to be made for 
the minor but economically important 
outbuildings of a Roman villa. Phos- 
phate sampling might also locate the 
villages which must have lain somewhere 
near many of the well-known Anglo-Saxon 
cemeteries in southern and eastern Eng- 
land. It may also be possible to use the 
technique to study the relative density of 
occupation of comparable sites. There 
are obvious difficulties here, but with the 
fairly accurate dating available for Early 
Iron Age hill-forts in southern England, 
and taking into account the similarity of 
soil conditions on many such sites, phos- 
phate analysis might well be used in due 
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course to show how many, and to what 
extent, such forts were in fact intensively 
occupied or whether some served only as 
forts of refuge. 

For the sake of certain specialised prob- 
lems such as these, phosphate analysis is 
probably well worth the attention of 
archaeologists. Its ultimate usefulness to 
them will, however, depend on some 
reduction in the cost and labour involved 
in carrying out surveys on a big enough 
scale to be worthwhile. One solution to 
this problem which is being examined is 
the use of relatively crude methods of field 
analysis, the data from which should make 
possible the strategic location of smaller 
numbers of samples for accurate analysis. 


ELECTRICAL METHODS OF PROSPECTION 
IN ARCHAEOLOGY 


by 
R. C. J. Atkinson 


THE knowledge that the conductivity of 
the earth’s surface varies according to the 
nature of its composition has made pos- 
sible the use of a number of electrical 
devices for investigating geological struc- 
ture, and especially for the location of 
mineral deposits, including oil. Some 
techniques are based upon the specific 
electrical characteristics of the minerals 
for which search is being made: others 
are of wider application. In all cases, 
however, the basic principle is the measure- 
ment of variations in electrical conduc- 
tivity and the relation of such variations 
to variations in physical structure. The 
development of these techniques has been 
carried out mainly by Schlumberger and 
his associates in the U.S.A., by Koenigs- 
berger in Germany, and in the British 
Commonwealth by the Imperial Geo- 
physical Experimental Survey. The 
methods have been used successfully for 
at least twenty years, but it is only very 
recently that work, which is still experi- 
mental, has been begun on the small-scale 
application of the technique for archaeo- 
logical investigations. 

Certain mineral ores apart, the con- 
ductivity of soils and surface rocks is due 
to the water (with its content of mineral 
salts) which permeates them all to some 
degree. The water content depends on 
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the size and density of the particles of : 


which the soil or rock is composed. A 
different degree of electrical conductivity 
will be produced by, for instance, the fine © 
close-packed particles of an upper soi] | 
layer, as compared, for instance, with the 
larger less closely packed particles of a) 
sand or gravel with, under normal | 
conditions, very much more rapid drain. | 
age. Similarly the coarse rock rubble | 
filling a ditch on an archaeological site 
will hold less electricity-conducting water 
than the solid rock into which it is cut, 
Differences of this character are caused by 
the successive natural deposition of differ. 
ent layers, as, for example, by glacial or | 
post-glacial action, or by the disturbance 
of the ground by such human activities as 
the construction of earthworks, of floor, | 
walls or roads, or the digging of pits and 
ditches. With suitable instruments and § 
other favourable conditions the measure. 
ment of the differences in electrical | 
conductivity caused by such _ physical 
differences make it possible to locate | 
very accurately the features of an archaeo- 
logical site. 

The measurement of soil resistance (as 
the measure of conductivity) can be 
carried out in several ways. Only two f 
have so far been used for archaeological 
investigations. The equipotential line suruy 
was used in Mexico in 1947 in the dis | 
covery of Tepexpan man. The basis of J 
the method is the fixing of two long parallel | 
electrodes, in the form of bare copper 
wire, close to the ground, connecting [ 
them at the output ends with an alter | 
nating dynamo. Current will flow from 
one electrode to the other and in a homo 
geneous medium would do so in straight | 
lines with a uniform fall of potenti | 
between one electrode and the other. | 
Differences in the conductivity of the 
ground will, however, deflect these lines. | 
The deflection is detected by moving two | 
separate electrodes connected through at | 
amplifier and head-phones over the area | 
which is being surveyed, a minimum of J 
sound over the head-phones indicating 
that the two moveable electrodes are a 
the same potential and therefore lie on the 
same equipotential line. Conductivity, 
and the differences in the soil causing tt 
can thus be plotted in terms of such line. 
Insufficient use has been made of this 
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method to show its true value, but the 
large quantities of wire, the heavy generat- 
ing equipment, the large areas which must 
be covered by the fixed electrodes, and 
the limited control over the depth to which 
conductivity is measured are obvious 
disadvantages in archaeological work. 
The method may, however, prove very 
useful for large-scale work on post-glacial 
sites. 

R. C. J. Atkinson has been responsible 
for the successful development of the 
alternative resistivity survey. A standard 
resistance-meter designed for the measure- 
ment of earth resistance is used. Four 
electrodes are driven into the ground to a 
depth of 20 cm. at equal intervals along a 
straight line. A current, generated by 
turning the handle on the instrument, 
passes through the two outer electrodes 
and the ground between them. A pro- 
portion of the total current is picked up 
by the two intervening electrodes, there 
being a difference of potential between 
them, just as there is between the outer 
electrodes. The ratio of these two currents 
is measured at the instrument, the ratio 
being a measure of the average resistance 
of a volume of ground, usually taken as a 
hemisphere of the same radius as the 
distance separating the electrodes and 
centering on the mid-point between them. 
In order that comparable readings may 
be made with differing distances between 
the electrodes the resistance is multiplied 
by the separation of the electrodes, giving 
units of ohm/cm. : the resistance of a cm. 
cube of ground, measured from face to 
face. 

A series of readings is taken along a 
predetermined straight line by moving 
the first electrode to a position the appro- 
priate distance beyond the fourth and 
reconnecting the wires from the instru- 
ments so that the two outer electrodes 
again carry the primary current. In an 
instrument specially designed for archaeo- 
logical use five electrodes are used, witha 
switch-gear which connects up the appro- 
priate four electrodes in the right order as 
required, cutting out whichever of the 
five is not required, so that it can be moved 
by hand into the next position along the 
line while a reading is actually being 
taken. In this way each reading can be 
taken in from 10 to 15 seconds. 
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Readings plotted as a graph make it 
possible to interpret marked changes of 
resistance in terms of the archaeological 
features which cause them. Thus on 
undisturbed ground the average resistance 
may be high and approximately uniform, 
the measured volume consisting partly of 
top-soil with a low resistance and partly 
of underlying rock with only slight con- 
ductivity. Where, however, the measured 
volume lies within a buried ditch the 
average resistance will fall because the 
ditch will be filled mainly with soil with 
a higher proportion of water. Where a 
ruined wall lies covered by the soil, much 
of the volume will be of high resistance, 
giving a higher reading even than for 
undisturbed soil. 

Where sufficient information is already 
available readings are normally taken 
along single lines at right angles to the 
line of the principal features. In other 
cases, or where greater accuracy is needed, 
a series of close parallel lines of readings is 
used, points of equal resistance being 
joined when plotting the results, after the 
manner of contour points in map drawing. 
The lay-out of the features is indicated by 
these contours. 

The interpretation of results presents 
much greater difficulty than the taking of 
the measurements, much depending on 
the choice of distance between electrodes 
and the positions selected for the readings 
—mainly matters requiring practical ex- 
perience. Success also depends on the 
nature of the buried structures and of the 
sub-soil. A fairly fine top-soil not more 
than 1:25 m. deep, a uniform sub-soil, 
and archaeological features well defined 
and separate from each other give the best 
results. Very shallow top-soils or sub- 
soils in which natural variations of density 
occur create obvious difficulties, as do 
archaeological sites where long occupation 
has led to the superposition of successive 
structures. Archaeological features which 
are small in relation to the minimum 
electrode separation of 1 m. also provide 
difficulties, although under good conditions 
minor features have been detected with 
accuracy. 

The correspondence between the shape 
of buried structures and the resistance 
curve is not uniform. Experimental read- 
ings over the same features, using different 
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electrode separations gave divergent indi- 
cations of both size and of minor detail. 
For preference electrode separation should 
be up to twice the depth of the top soil, 
certainly never less than it. How great a 
proportion of a feature will come within 
the field of measurement will obviously 
depend upon this factor, so that on one 
line of measurements features of one size 
may be accurately represented, others only 
inaccurately. The actual character of the 
filling of a ditch or pit will also affect the 
resistance curve, perhaps even more than 
does its size. Nevertheless experience 
shows that the method has considerable 
value for the detection and accurate 
location of archaeological sites and details 
of sites, particularly where other methods 
are unsuitable. Extensive use on a series 
of neolithic and later sites at Dorchester, 


near Oxford, the position of which wa q 
only approximately known from aj) 
photographs, resulted in the planning gf 


ten sites with sufficient accuracy to avoid 4 


all trial trenching, the necessary Cuttings | 
being marked out directly on the basis of | 
the resistivity survey. On one major site 
the error in the electrically calculated | 
position of an outer ditch was shown by | 


comparison with the subsequent excava. | 


tion to be less than 2 per cent. 

Other problems which have been suc. 
cessfully solved include the location gf | 
causeways across a neolithic ditch by 
readings taken along its length, the loca. 
tion of Roman villa outbuilding walls and 
of Roman roads, and the discovery of a 
stone wall within an earthen bank at 
Cricklade (proved by subsequent exca- 
vation). 
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INHERITANCE OF PATHOGENICITY AND 
SOME OTHER CHARACTERS IN VENTURIA 
INAEQUALIS' 

by 
Pror. G. W. KEITT 


Ir is my purpose to invite your attention 
to some basic problems of infectious 
disease, as they may be approached 
through studies employing certain plant 
materials with which it has been my lot 
to work. 

The nature of the disease reaction 
between the pathogen and its host is the 
central fundamental problem of infectious 
disease. ‘The pathogen and the host are 
of co-ordinate importance in determining 
disease reaction. Each is variable under 
the influences of heredity and environ- 
ment. Understanding and experimental 
control and manipulation of these variables 
are of prime importance to the advance- 
ment of basic knowledge of the nature, 
development, and control of infectious 
diseases. While the details of variability 
may differ much from one disease to another 
and from animal to plant disease, the major 
principles concerned are similar throughout 
the entire range of infectious disease. 

The most fruitful approach to the under- 
standing of variability of organisms has 
been through genetic studies. For many 
years genetic studies relating to infectious 
diseases dealt chiefly with the host. With 
advances in the knowledge of reproduction 
and inheritance in fungi, however, needs 
and opportunities for more attention to 
the pathogen have become increasingly 
apparent. Certain fungus pathogens of 
plants offer exceptional advantages for 
such studies. 


This paper contains the substance of an illus- 
trated lecture given before Section K (Botany) at 
Edinburgh on August 9, 1951. Publications of the 
author and co-authors have been drawn upon freely 
M preparing the manuscript. Grateful acknow- 
€dgments are made to the many colleagues who 
have participated with the writer in the investiga- 
hons that are reviewed. 
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Substantial progress has already been 
made in genetic studies of phytopathogenic 
fungi. Major attention was first given to 
the rust and the smut organisms. These 
pathogens have many excellent adapta- 
tions for such work. However, other 
fungi offer some important advantages 
that they lack. The investigations of 
Dodge, Lindegren, Beadle and many 
others have greatly advanced knowledge 
of certain nonpathogenic Ascomycetes in 
the genus Neurospora, and have drawn 
attention to some rare adaptations of this 
type of Ascomycete for genetic and 
physiologic studies. 

The apple scab pathogen, Venturia 
inaequalis, an Ascomycete with many 
similarities to the eight-spored Neurosporas, 
has some excellent adaptations for genetic 
and physiologic studies in relation to basic 
problems of infectious disease. I shall 
now attempt a brief résumé of studies on 
the inheritance of pathogenicity and some 
other characters in this organism. Since 
adaptation of materials and accuracy of 
methods are of crucial importance in 
obtaining and evaluating results in work 
of this type, I shall give what might seem 
undue consideration to the materials and 
methods employed. 

Apple scab, or black spot, is a classical 
plant disease. As the most widespread 
and destructive malady of deciduous 
orchard fruits, it has been the subject of 
many investigations, and an _ extensive 
world literature concerning it has de- 
veloped. 

Circular, olivaceous lesions of variable 
size are produced on the leaves, fruits, and 
sometimes on the twigs of the hosts. 
Though the causal fungus in its parasitic 
phase is usually confined to a subcuticular 
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position in close contact with the cellulose 
walls of the epidermal cells, it is able to 
derive its nourishment efficiently and to 
incite profound pathological changes in 
the underlying host cells. Leaves or 
fruits that sustain an early, severe attack 
may be dwarfed and excised. In less 
severe attacks, the fungus and the adjacent 
host cells may live in their intimate 
association throughout the season. 

The Wisconsin work reported in this 
paper is an outgrowth of studies begun by 
the speaker in 1916 with the aim of im- 
proving methods for apple scab control. 
At the outset it was necessary to make 
intensive studies of the epidemiology of 
the disease. This required isolating and 
studying the fungus in vitro, developing 
methods and special equipment for inciting 
the disease experimentally, and studying 
various major factors that influence its 
development. A key to progress was the 
incitation and study of the disease on 
potted apple trees in the greenhouse under 
controlled environmental conditions. In 
this work it was noted that certain cul- 
tures of the fungus incited typical scab 
lesions on the leaves of some apple varie- 
ties, while on the leaves of others they 
incited mere flecks. Further work showed 
clearly that different isolates may possess 


different pathogenic capabilities. Wies- 
mann in Switzerland independently 
reached the same conclusion. These 


findings were confirmed and extended by 
other workers. 

A cytological study was made of leaves 
of several apple varieties showing highly 
susceptible, intermediate, and _ resistant 
disease reactions with selected monosporic 
isolates of the fungus. Spore germination, 
formation of appressoria or functionally 
equivalent structures, and direct penetra- 
tion of the cuticle of the leaves by minute 
infection hyphae occurred in all cases, 
without relation to the susceptibility or 
resistance of the host. In its subsequent 
development, the fungus was confined to 
its characteristic subcuticular position in 
close contact with the cellulose walls of 
the epidermal cells of the leaf. In very 
susceptible reactions the host cells showed 
little abnormality until about ten days 
after inoculation, when progressive deple- 
tion of plastids and cytoplasm and in- 
creased vacuolation began to appear in the 


upper palisade region at the middle of the 
lesion. This impoverishment slowly spread 
throughout the area underlying the fungus 
and was later followed by necrosis. The 
fungus showed no evidence of injury unti] 
the host cells had died. In leaves of 
intermediate susceptibility, impoverish. 
ment of the host cells was less rapid and 
severe and little necrosis occurred. [pn 
the resistant reactions, growth of the 
fungus was sharply restricted. The resis. 
tance of young leaves was _ attributed 
chiefly to relations between the fungus 


and materials emanating from the host 


cells, rather than to mechanical barriers, 
It was noted that the fungus is strikingly 
similar to many of the so-called obligate 
parasites in the ability to infect vigorous, 
young, unwounded host parts, in the 
diversity of isolate-variety reactions, and 
in the ability to live and thrive for many 
weeks in intimate relations with the living 
cells of a congenial host. 

When it was shown that Venturia ina- 
qualis comprises biotypes with strikingly 
different pathogenic capabilities, con- 
sideration was given to possibilities of 
employing it in genetic studies on patho- 
genicity and related problems. The first 
question was to determine whether it hasa 
functional sexual stage. Excellent studies 
of the development of the ascocarp had 


been made by Killian and Frey, respec. | 


tively. They showed that nuclei from 
a well-differentiated antheridium pass 


through a trichogyne into an ascogonial | 


coil, which gives rise to multinucleate cells | 


from which develops a system of asco- | 


genous hyphae and asci. However, the 
cytological techniques employed did not 
prove whether the nuclear complement 
of the ascus derives from both the antheri- 
dium and the ascogonium or ffom only 
one of these sources. 

In the Wisconsin investigations, the 
problem was approached by __§ genetic 
methods. The eight spores of an ascus 
were isolated and cultured in vitro. Since 
methods for producing the perfect stage 
of the fungus zn vitro were not then known, 
the isolates were cultured singly and in all 
possible pairings on the foliage of scab- 
free potted apple trees in the greenhouse, 
and selected leaves were overwintered 
under natural conditions known from 
previous studies to be favourable for 
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rithecial development. This and later 
work clearly showed that the pathogen 


- has a functional sexual stage, the mono- 


sporic lines being haplo-hermaphroditic, 
self-incompatible, and selectively cross- 
compatible with two compatibility groups. 

In connection with the initiation of 


_ genetic studies, an examination was made 


of some nuclear phenomena of the fungus. 
Cells of the vegetative mycelium, conidio- 
phores, conidia, and ascospores were 
found to be uninucleate, as reported by 
This uninucleate con- 
dition eliminates important problems of 


| variability that may arise from hetero- 


caryosis. The fusion of two nuclei to 
form the primary nucleus of the ascus and 


_ the three subsequent nuclear divisions 
_ occurred as described by Killian and Frey. 
_ The first-division spindles were oriented 


longitudinally in the ascus and those of the 
second and third divisions were longi- 
The cytological evi- 
dence indicated that sister ascospores 


ordinarily lie next to each other in the 
_ ripeascus. This work and the later genetic 


studies showed that, although minor 
changes in the position of nuclei or 
ascospores are not infrequent, it is nearly 
always possible to establish the pattern of 
nuclear descent by isolating the spores in 
their serial order and studying characters 
of the resulting lines by methods similar to 
those developed by Dodge, Lindegren, 
and others with Neurospora. Lindegren 
and others have shown that, within limits, 
the percentage of second-division segre- 
gation in asci of this type is a criterion of 
the distance of the locus of the segregating 
genes from the centromere. The eight 
lines from an ascus show exact segregation 
ratios and, being haploid, permit, study of 


_ the effects of single sets of genes. 


The next phase of the investigation 
was designed to lay a groundwork for 
further genetic studies of Venturia inaequalis. 
One of the great obstacles to basic re- 


searches with pathogenic micro-organisms 


has been the difficulty of maintaining lines 


of known genetic purity. Consequently, 
_ Special attention was given to the genetic 
_ purity and stability of the cultures and to 


the reproducibility of results. 

For isolation of ascospores, a perithecium 
was crushed in water and a free ascus of 
suitable maturity placed on a plate of 
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clear, hard agar under a dissecting micro- 
scope. Two fine glass needles were used 
to force the spores successively through 
the apical pore and place them in line in 
their serial order. After all the spores 
had germinated, each was transferred to 
a separate plate of malt extract agar, with 
record of its serial order. 

The eight spores from each of four asci 
from perithecia in naturally over-wintered 
McIntosh leaves were thus isolated, and 
the thirty-two isolates studied for cultural 
characters under standardised conditions 
on malt extract agar plates. Successive 
monoconidial transfers of each line were 
made in triplicate at eight-week intervals, 
avoiding any visible sectors. Photomicro- 
graphs after fourteen days and photo- 
graphs after eight weeks made record of 
colony characters. On the basis of colony 
characters, the eight isolates from any 
single ascus comprised four groups, each 
consisting of a pair of like isolates. Each 
of the sixteen pairs was distinguishable 
from every other pair by colony charac- 
ters. The two members of any pair were 
indistinguishable from each other by any 
test tried. 

A method was developed whereby the 
fungus can readily be bred in vitro at 
suitable temperatures in plates of malt 
extract agar containing a decoction of 
dead apple leaves. The leaf decoction 
was shown to contain a_ thermostable 
organic component that stimulates the 
development of fertile perithecia. Mating 
type was determined by mating the isolate 
to be tested with each of two standard 
tester lines known to be compatible with 
each other. The thirty-two isolates studied 
were all hermaphroditic and self-incom- 
patible. They comprised two compati- 
bility groups of sixteen each. 

A standardised method was developed 
for testing pathogenicity of the isolates by 
conidial inoculation of leaves of potted 
apple trees, which were held in the 
inoculation chamber for two days at 16°C. 
and then incubated at temperatures held 
as near 16° C. as feasible in a greenhouse 
provided with temperature controls. The 
thirty-two isolates were tested on nine 
apple varieties. In each set from an ascus 
all eight isolates incited typical, sporu- 
lating lesions on one or more varieties, 
while on other varieties certain isolates of 
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a set incited sporulating lesions and others 
did not. On differential varieties, it 
was usual for four isolates of a set to incite 
typical lesions and the other four to incite 
flecks. 

It was shown by these studies that 
isolates of Venturia inaequalis can be 
maintained in vitro with a high degree of 
stability of the characters under investiga- 
tion, and that with the methods employed 
results were satisfactorily reproducible. 
It was concluded on the basis of this and 
earlier investigations in this series that the 
third nuclear division in the ascus is 
equational and that segregation of factors 
controlling pathogenicity and sexual com- 
patibility, respectively, may occur alterna- 
tively in either the first or the second 
nuclear division. 

The next study was concerned with 
inheritance of pathogenicity and of certain 
mutant characters of the fungus, employ- 
ing selected monoascosporic, wild-type 
isolates and also mutant lines that had 
arisen as sectors in culture. Only two 
main types of pathogenic reaction, ‘ lesion ’ 
and ‘ fleck,’ had been encountered with 
any of the wild-type lines studied. The 
lesion reaction was typically pathogenic, 
with abundant sporulation of the fungus. 
The fleck reaction was non- or slightly 
pathogenic, with sporulation nil or sparse. 
Since some isolate-variety combinations 
gave reactions intermediate between lesion 
and fleck, material was chosen that gave 
clearly differential reactions and the results 
throughout these investigations are inter- 
preted in relation to the fungus lines and 
host varieties employed. With wild-type 
lines and a given apple variety, crosses of 
lesion x lesion lines always gave all eight 
lines per ascus lesion; lesion x _ fleck, 
four lines lesion and four lines fleck ; fleck 
x fleck, eight lines fleck. 

It was noted in connection with this 
study that, in all cases in which adequate 
genetic analysis had been made in this 
series of investigations, segregation of 
factors for pathogenicity as determined by 
the lesion and fleck reactions had occurred 
in 1:1 ratio, alternatively in either the 
first or the second nuclear division in the 
ascus. The working hypothesis was ad- 
vanced that the genes governing patho- 
genicity occur at one locus, with multiple 
alleles controlling different pathogenic 
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capabilities to different apple varieties, | 


The probability was realised, however, 


that studies involving a greater range of 


isolates might reveal cases of more complex 
inheritance of pathogenicity. 


Studies of progenies from crosses of the | 


cultural mutant tan and the doubk 


mutant tan nonconidial, respectively, with | 


normal (wild-type) showed that the genes 
controlling tan and nonconidial, respectively, 


segregated from their alleles in 1 : 1 ratio, | 
In all cases studied, the presence of | 


tan completely suppressed all macroscopic 
evidence of pathogenicity. Nonconidial als 
completely suppressed macroscopic evi- 
dence of pathogenicity, except in the case 
of McIntosh, with which the lesion 
reaction was modified to fleck. Recovery 
of the distinctive pathogenicity of the line 
from which tan and nonconidial arose, from 
the progeny of crosses of these mutants 
with normal lines of different pathogenicity, 


showed that the mutations concerned did | 


not change the gene for pathogenicity. 
These results emphasise the importance of 
guarding against errors in interpretation 
of the factorial basis for inheritance of 
pathogenicity on account of modifying 
factors or of inadequate control of experi- 
mental materials or conditions. 

The purpose of the next study was to 
test the working hypothesis that different 
pathogenic capabilities of the fungus on 
different apple varieties are controlled at 
one locus by multiple alleles. A mono- 
ascosporic wild-type line of V. inaequalis 
that incites typical scab lesions on the 
leaves of the Haralson and Wealthy apple 
varieties and flecks on those of Yellow 
Transparent and McIntosh was crossed 


in vitro with each of two monoascosporic | 
wild-type lines that incite the converse 


reactions, fleck with Haralson and Wealthy 
and lesion with Yellow Transparent and 
McIntosh. The eight ascospores wert 
isolated in serial order from each of thirty- 
five progeny asci, and the resulting lines 
were tested for pathogenicity to each o 
the four apple varieties. In each ascus 
tested, segregation for pathogenicity t 
each variety, as indicated by the lesion 


and fleck reactions, was in 1:1 rato | 


The progeny genotypes included the 

parental types and two new combinations, 

all lesion and all fleck, respectively. 
The results of this work did not suppot 
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the multiple allele hypothesis. On the 
contrary, they showed that one pair of 
genes (or possibly more than one pair of 
very closely linked genes) governs inheri- 
tance of pathogenicity of these lines of 
the fungus to the leaves of Haralson and 
Wealthy and another pair governs inheri- 
tance of pathogenicity to Yellow Trans- 
parent and McIntosh. There was no 
evidence of linkage between these gene 
pairs. Whether they control pathogenicity 
to other apple varieties, and the number 
of gene pairs that can thus control patho- 
genicity, became subjects for further 
investigations, which are in progress. It 
is of basic significance to know whether the 
number of such gene pairs is large or small 
and whether different gene pairs in this 
fungus can control pathogenicity to the 
same apple variety. Each gene pair 
shown to govern pathogenicity to leaves 
of an apple variety becomes a potential 
tool for further studies on the inheritance 
and the nature of pathogenicity. 

The next study, employing four apple 
varieties and progeny from a selected 
cross of the fungus, showed that three gene 
pairs independently condition pathogeni- 
city to certain varieties. For the varieties 
Haralson, McIntosh, and Red Astrachan, 
the cross was lesion x fleck, and segrega- 
tion for lesion and fleck was in the expected 
4:4 ratio. For Yellow Transparent the 
cross was fleck x fleck, and the segregation 
ratios were 0: 8, 4:4, and 2:6. It was 
shown that one flecking gene conditions 
pathogenicity to Haralson, another con- 
ditions pathogenicity to McIntosh and 
Yellow Transparent, and a third con- 
ditions pathogenicity to Red Astrachan 
and Yellow Transparent. With Yellow 
Transparent the McIntosh flecking gene 
was epistatic to the Red Astrachan lesion 
allele and the Red Astrachan flecking 
gene was epistatic to the McIntosh lesion 
allele. None of these three loci for patho- 
genicity could be mapped on the basis of 
€ data on second division segregation 
or on recombination. 

Very recent unpublished work has 
revealed a second gene pair controlling 
pathogenicity to Haralson. 

Incomplete data are highly suggestive 
of two more loci for conditioning patho- 
genicity, and our current. working hypo- 
thesis is that many more can be found. 
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The single-gene control of pathogenicity 
so often demonstrated in these studies 
raises the question of the physico-chemical 
basis of this control. The single-gene 
control of specific biochemical reactions 
that has been demonstrated with Neuro- 
spora and other organisms suggests the 
working hypothesis that critical single- 
gene-controlled biochemical reactions con- 
dition pathogenicity of Venturia inaequalis. 
Though the results thus far obtained do 
not prove or disprove this hypothesis, the 
materials and methods now available 
appear to afford some new or little used 
approaches to this end and some other 
fundamental problems of infectious disease. 
Accordingly, our Venturia programme is 
now being broadened into a 3-way study 
including : (1) genetics of the pathogen, 
(2) nutrition of the pathogen in relation 
to genetic controls of specific physiologic 
processes, and (3) parasitism and patho- 
genicity in relation to genetic controls of 
specific physiologic processes and of 
pathogenicity. 

This paper will now be concluded with 
a very brief account of inheritance of some 
characters other than pathogenicity. This 
work was initiated to explore the suitability 
of the fungus for further genetic work and 
to seek marker characters and linkage 
groups. Visually recognisable mutant 
characters that developed spontaneously 
in cultures in vitro were used at the outset. 
To these were later added mutant charac- 
ters induced by nitrogen mustard treat- 
ments or ultraviolet irradiation. While 
various lines of the fungus had been found 
to differ substantially in their ability to 
utilise various carbon and nitrogen sources 
and in their vitamin requirements in vitro, 
these differences seemed to afford less 
attractive material for genetic study than 
other more sharply contrasting characters. 

The first linkage grouping and chromo- 
some mapping were started with the 
characters white and tan. The uncorrected 
distances of the loci from their centromeres 
in Morgan units were established after the 
method developed by Lindegren and 
others on the basis of one-half the percen- 
tage of second-division segregation. These 
were checked by separate data based on 
percentage of recombination. The two 
sets of data were in close agreement. 

In further studies of twenty mutant 
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characters incomplete data indicate four 
linkage groups on as many chromosomes, 
as follows : five linkage points including the 
centromere in group I, four in group II, 
three in group III, and two in group IV. 

In recent months effort has been in- 
creasingly directed towards obtaining and 
studying ‘ biochemical mutants’ induced 
by nitrogen mustard treatments and 
ultraviolet irradiation, respectively. De- 
tailed report on this work must await its 
further progress. 


SUMMARY | 


Venturia inaequalis, the apple scab patho- 
gen, is an Ascomycete with advantages 
similar to those of the eight-spored 
Neurosporas for related genetic, physiologic, 
and biochemical studies. It, therefore, 
affords exceptionally favourable material 
for investigation of some basic problems 
of infectious disease, such as inheritance 
of pathogenicity, origin and stability or 
plasticity of biotypes or races with different 
pathogenic capabilities, and the nature of 
the disease reaction between pathogen and 
suscept. Some specific advantages shown 
for this fungus for such studies are : (a) It 
freely infects young, vigorous, unwounded 
tissues and may live for many weeks in 
intimate association with living host cells. 
(6) It has many biotypes with different 
pathogenic capabilities to different host 
species or varieties. (c) It can be cultured 
throughout its life cycle and bred in vitro. 
(d) It is haploid throughout the parasitic 
phase and in its vegetative stage in vitro, 
thus permitting study of effects of a single 
set of genes. (e) The ascus contains the 
complete progeny stemming from a single 
meiosis, with survival of all nuclei in an 
orderly arrangement that permits tracing 
the line of nuclear descent by isolating the 
ascospores in their serial order and study- 
ing the derived cultures. (/) The vegeta- 
tive cells are uninucleate and free from 
important problems of heterocaryosis. 
(g) The fungus responds well to mutagenic 
agents. (h) Materials and methods have 
been developed for correlated studies on 
its genetics, nutrition, and pathogenicity. 


Only two main types of pathogeni 
reaction have been encountered with wild. 
type lines of the fungus, lesion (typically| 


pathogenic) and ‘ fleck’ (non- or only} 


slightly pathogenic). With a given appk| 
variety and wild-type lines pathogenicity 
is typically conditioned by a single lesion | 
fleck gene pair, which may segregate jy 
either the first or the second nuclea! 
division in the ascus. Such a gene pair © 
may condition pathogenicity to one group 
of varieties and not to another group, 
Four such gene pairs have been established, | 
Two of these were shown separately to | 
control pathogenicity to one apple variety: 
the fleck gene of each pair was epistatic ty 
the lesion gene of the other. Cultures of 
the fungus have been carried in vitro for | 
some fifteen years without evidence of los 
or gain in pathogenicity. It has bee 
shown that the species Venturia inaequalis 
comprises a great number of biotypes with 
different pathogenic capabilities and that 
a major source of such biotypes in nature 
is genetic combination. Inheritance ofa 
number of marker characters has bee 
studied and four linkage groups have been | 
established. 

Correlated studies on the genetics, nv- 
trition, and pathogenicity of V. inaequalis 
are in progress. 
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THE ORIGIN OF LIFE 
ENDEAVOUR PRIZE ESSAY! 


by 
Miss AILEEN 


TurouGHOUT the ages men have won- 
dered about their place in Nature and 
about how life began, and four theories 
have been proposed to account for the 
existence of living organisms on the earth 
(Lull, 1924). There is no need to com- 
ment on the theory of the eternity of 
present conditions, which stated that there 
had been no beginning and there would 
be no end. 

The theory of special creation is pre- 
sented in the book of Genesis, where the 
story is told of how God made the earth 
and all its inhabitants in their perfect 
state, in a few days. Plants, animals and 
man appeared in succession, and, accord- 
ing to some later advocates of the theory, 
persisted in their original form. More 
observant writers, like Linnaeus, while 
believing that each genus had originally 
been created in this way, argued that the 
different species had arisen under en- 
vironmental influences, and also by inter- 
crossing to form hybrids. The biblical 
account of the creation can no longer be 
accepted literally. 

Consequent upon the discovery of 
fossils, the extinction of pre-existing forms 
of life became recognized. In explana- 
tion of this Cuvier proposed a series of 
catastrophes, such as subsidences and 
upheavals of the earth’s crust, which 
exterminated all the living organisms 
present in the region. Repopulation took 
place by immigration. Cuvier’s theory of 
catastrophism was extended by d’Orbigny, 
in 1848, to include a recreation following 
each catastrophe, resulting in a distinct 
fauna and flora in each of twenty-seven 
geological strata, and he marvelled at this 
‘certain but incomprehensible ’ fact. 

‘ Essay awarded the first prize in the 1952 


competition sponsored jointly by the publishers of 
Endeavour and by the British Association. 
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The theory of organic evolution, de- 
veloped hundreds of years after the first 
tentative speculations by the Greeks, 
received general approval only in the 
middle of last century, when Darwin 
produced convincing evidence of its 
occurrence, and suggested a_ plausible 
mechanism for its progress. It requires 
no special acts of creation, but postulates 
a gradual development of variation in 
living organisms, a differential reproduc- 
tive capacity exhibited by the different 
varieties, and some degree of isolation, 
so that the varieties may become estab- 
lished, and adapted, and further differen- 
tiated. By a multitude of small steps, 
therefore, the more complex living or- 
ganisms are believed to have evolved from 
the less complex, the ultimate origin being 
a minute speck of living matter. The 
mode of origin of the first speck of living 
matter is one of the greatest problems 
faced by evolutionists at the present time. 

Arrhenius suggested that life on our 
planet might have arrived in the form of 
spores, propelled by the action of light, 
having originated on some other planet, 
and drifted in ‘interstellar space.’ It 
cannot be denied that some spores are 
resistant to intense cold, drought and 
anaerobic conditions, but this theory only 
avoids the ultimate solution. In olden 
times there was a belief that frogs and 
worms were generated in mud, and 
swallows came from the mud of the Nile. 
Not until Pasteur had conclusively demon- 
strated that micro-organisms are produced 
exclusively from spores or other living 
stages, was the theory of spontaneous 
generation finally discredited. ‘To-day it 
is generally accepted that life arises only 
from pre-existing life, that like begets like, 
but one must assume spontaneous genera- 
tion to have occurred at least once, at the 
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very beginning of organic history. But 
where, when, in what way and how many 
times did life originate, and what form was 
assumed by the first living organisms ? 
To most of these questions only specula- 
tion has so far vouchsafed an answer, for 
the facts determined to date are very few. 

Even a definition of the concepts of life 
and living matter is bound to be only 
tentative, and no completely satisfactory 
one has been given. The physical basis 
of life is protoplasm, and it is by no 
means a single substance as Huxley (1868) 
supposed, but a dynamic system, con- 
stantly performing anabolic and catabolic 
reactions. Cytologically it appears to 
consist of a clear structureless ground 
substance, in which can be detected bodies 
of diverse size and form, and certainly of 
function. Nucleus, cytoplasmic chondrio- 
somes and plastids, Golgi-bodies, central 
bodies, and many kinds of granules and 
fibrillae have been detected in the cell 
which is the unit of protoplasm, and they 
undoubtedly all contribute an essential 
activity to the living process. A point of 
great significance is that at cell division 
the chromatin content of the nucleus is 
accurately divided equally between the 
two daughter cells, and there is increasing 
evidence that some of the cytoplasmic 
bodies may undergo a similar equal 
distribution. It is impossible to pick out 
from the cell any one constituent which in 
itself can be called living. Apart from 
proteins, carbohydrates and fats, which 
consist of some of the commonest elements, 
such apparently lifeless substances as 
inorganic salts and water are all essential 
ingredients, and are all organised into an 
extremely complex colloidal system. ‘ No 
man,’ said Flemming (1882), ‘ can defi- 
nitely say what protoplasm is. . . . In my 
view that which lives is the entire body of 
the cell.’ Wilson’s (1923) statement that 
‘every organism is, or at some time has 
been, a cell’ may now, however, not be 
valid, and a more comprehensive definition 
would be that of Perret (1952) :—‘ Life is 
a potentially self-perpetuating open system 
of linked organic reactions, catalysed 
step-wise and almost isothermally by 
complex and specific organic catalysts 
which are themselves produced by the 
system.’ 

Before the synthesis of urea by Wohler 
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in 1828, it was thought that the production 
of organic chemicals could be accom. 
plished by living matter only, and that a 
special ‘ vital force’ was involved. It is 
of course, realised now that the difference 
between organic and inorganic matter js 
only one of degree, and many of the 
constituents of protoplasm have been 
synthesised. The ‘construction’ of proto- 
plasm, however, (for it appears to be a 
morphological concept), remains a remote 
possibility owing to the high degree of 
organisation necessary. Living organisms 
feed, grow and reproduce, but there is no 
absolute difference between living and 
non-living matter, and a gradual transition 
is more likely than a sudden origin. 

By means of the study of radio-active 
minerals in its crust, the age of the earth 
in its present condition, as a_ possible 
abode for life, has been estimated at over 
2,000,000,000 years. The oldest fossil- 
bearing strata, of the Cambrian period, 
were formed about 500,000,000 years ago, 
and since then the record of the rocks 
provides a potential means of tracing out 
the path of evolutionary change through 
the latest quarter of geological time. Two 
thousand species of animals have been 
described from Cambrian rocks, including 
representatives from all the phyla except 
Bryozoa and Chordata. Life must there- 
fore have originated long before this time. 
But the pre-Cambrian rocks, the deposition 
of 1,500,000,000 years, contain very few 
recognisable fossils. ‘Traces of blue-green 
algae, brown algae, sponges and ‘ worms’ 
have been identified, but reports of bac- 
teria have very little foundation. ozoon, 
supposed at one time to be ‘the dawn 
animal,’ has proved to be merely an in- 
organic precipitate. It is understandable 
that the processes of metamorphism of 
the rocks may have destroyed any pre- 
existing remains, but the chief reason for 
the lack of fossils may be, according to 
Raymond (1935), that the animals of 
pre-Cambrian times were active animals, 
and that skeletons only appeared following 
the adoption of a sessile or sluggish habit. 
The apparently sudden origin of skeletal 
types in the Cambrian is probably an 
illusion, because the Cambrian is the 
longest of the geological periods, occupy- 
ing about 80,000,000 years, and_ the 
evolution of new types may merely have 
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been slightly hastened in the exploitation 
of the new character—the acquisition of 
hard parts. In any case, the solution to 
the problem of the origin of life must be a 
biochemical one, and not a morphological 
one, for palaeontology cannot exhibit the 
beginning. 

It is most probable that life originated 
in the sea. Speculation has also con- 
sidered the upper atmosphere as a possible 
place of origin. The effect of solar ultra- 
violet radiation in causing ionisation is 
greatest in the upper atmosphere, where 
even water exists in the form of hydroxyl 
radicals, and this may have been an effec- 
tive agent. But it seems unlikely that a 
sufficient stage of organisation of mole- 
cules for life would have been attained in 
such a region. Fairly complex molecules 
might have been formed, but then, for 
example, they might have been adsorbed 
on to the ice-crystals of snow-flakes, and 
carried down to the sea, and the actual 
origin of life must have been in the sea. 

Conditions in the sea would presumably 
have been more suitable for the existence 
of a primitive organism than those ob- 
taining in fresh water. The temperature 
in fresh water would be more variable, 
the water less buoyant, and a minute 
organism might be swept away by the 
current in a river, or frozen to death in a 
lake. The number of species living in 
fresh water is much smaller than that in 
the sea, suggesting that only a selection 
have succeeded in becoming established 
infresh water (Baldwin, 1937). A further 
line of evidence is suggested by Macallum 
(1926) from a comparative study of the 
inorganic ions present in the cytoplasm 
and body fluids of animals. A remarkable 
similarity exists between the relative 
concentrations of various ions present 
in different animals and in sea-water. 
Human blood serum contains relatively 
more potassium and less magnesium than 
sa-water, but the composition of the 
sta has been gradually changing, and 
Macallum believes that the Vertebrates 
originated at a time when the sea con- 
tained more potassium and less magnesium 
than it does to-day. The body fluids of 
Limulus and Aurelia resemble modern sea- 
water more closely, so they must have had 
4More recent origin. 

He supposes that the first organisms had 
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no nucleus, and no cell membrane. The 
nucleus evolved to serve as a sanctuary for 
the chromatin—to protect the heredity- 
controlling factors from being affected by 
the inorganic salts in the cytoplasm. The 
development of the cell membrane limited 
the diffusion of inorganic salts into the 
cytoplasm. The inorganic constituents 
of cytoplasm are therefore an endowment 
from this earlier time, when the cell 
membrane developed, while those of the 
body fluids are slightly different, having 
originated from the time when the ani- 
mals, now multicellular, acquired a closed 
circulation. Macallum, however, assumes 
that the ionic composition, once estab- 
lished, is static, and he ignores the fact 
that, while the body surface is selectively 
permeable to ions, the requisite propor- 
tions must be actively maintained by the 
process of excretion, so that his line of 
reasoning is fallacious. The fact that the 
body fluids of widely divergent groups of 
animals are similar rather suggests that 
the conditions under which cell life is 
possible are very restricted and have not 
changed substantially since life began. 
This argument, however, will not 
suffice, for geo-chemical conditions in 
abiotic times must have been very different 
from those of to-day. If life was produced 
under such conditions, it is no small 
wonder that it can persist at all at the 
present time, and it is necessary to postu- 
late a process of progressive adaptation. 
Free oxygen, if present, would have oc- 
curred as traces only, for the bulk of free 
oxygen to-day is the result of photosyn- 
thesis performed by green plants. Oparin’s 
(1938) explanation of the formation 
of complex organic substances required 
an atmosphere containing substantial 
amounts of carbon monoxide and gaseous 
hydrocarbons. Haldane proposed the 
presence of ammonia and hydrocarbons, 
and took into account the gases from 
volcanoes, and Perrier (1925) suggested 
that hydrogen and helium might have 
been present. There is, however, no 
evidence of an abundance of carbon 
monoxide, though ammonia is quite likely 
to have been produced from _photo- 
chemical reactions, and there might have 
been simple compounds of sulphur 
(Goldschmidt, ed. Pirie, 1952). Carbon 
dioxide was, without doubt, the main 
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carbon compound of the atmosphere, as_ effect or catalyse chemical reactions | 
it has been generated from the interior There is no great problem in imagining | med 
of the earth during the whole of geological the formation of fairly complex organic! dire: 
history, and it has probably been the molecules. But there is an enormous} tion 
principal carbonaceous material available difference between a complex organic | the j 
for the formation of organic molecules. molecule and the organised condition of | to | 
The achievements of organic chemistry protoplasm. How could a number of | han 
show that there is no theoretical difficulty molecules become organised ? Bernal has usefi 
in the way of the chance organisation of a_ proposed that clay particles might act | assoc 
complex carbon-containing molecule, cap- as enzymes, by preferentially adsorbing } 4 co 
able of directing or influencing the syn- certain moderately complex organic did ; 
thesis of other units like itself. It is very molecules, and causing polymerisation of | ast ; 
likely that such a substance would have simpler ones. Less complex molecules | the 
been proteinaceous, although, in a critical than proteins undergo the phenomenon of |  Prer 
review of Bernal’s (1951) recent paper, colloid formation. They may aggregate | chen 
Pirie (1952) objects to the a priori assump-__ together in solutions, and surface tension | end- 
tion that proteins were essential in the may then cause the adsorption of new } Con: 
first living organisms. He argues that material at the surface of the aggregate, | end- 
even if all present-day species contain establishing a boundary between the | jnter 
protein, and this statement is not proven, colloidal system and the external world, | toge 
this would only mean that protein-based Goldschmidt explains how molecule, | 4 su 
mechanisms have proved more efficient 6therwise scattered in a very low concen } A in 
than any others, which may have been tration in the medium, may aggregate | such 
destroyed. Proteins are so complex that at the surface of phase boundaries, for | force 
there may have been previous living example between the atmosphere and the | capa 
systems based on aluminates, phosphates hydrosphere, or at the surface of crystals } to cc 
or cyanides. of inorganic minerals. More or less | ¢trai 
Many types of crystals exist in a state in orderly molecular systems can be formed | from 
which energy is constantly being used to in this way, and possibly crystals of quartz | the « 
increase the amount of identical crystalline or apatite are the most likely agents. The } since 
material. But this does not merit the next stage might be represented by auto- | subst 
name of life. Life entails reproduction as_ trophic substances, able to assimilate | beco 
well as growth. The intermediate stage matter, such as carbon dioxide, and to |  thesi 
between the non-living and the living accommodate it to their own pattern. | of a 
condition is exemplified at the present But it seems that there would still be a} Grad 
time by the viruses. The analysis ofsome gap between this type of system and the | synth 
of these shows them to consist chiefly of simplest substance that could be called! unfoy 
nucleoprotein, with, in addition, some _ living. the | 
carbohydrate and lipoid material. They An attractive hypothesis is that the first | lated 
can be stored as chemicals, but under living substance was a‘ protogene.’ Genes} ably 
appropriate conditions, within the living are complex self-reproducing nucleo-pro- | nuck 
cells of a susceptible host, they multiply, tein molecules, controlling ontogeny step } _toget 
consistently reproducing their own kind by step by their enzymatic action. It} only 
with genetic precision. They have a_ therefore seems plausible that the gene} essen 
definite form, spherical or rod-shaped, was in existence first, and organised new }  gatio 
and their complex enzyme systems are living matter round itself. A further | a 
analogous with those of living organisms. property of the gene is that of mutation, | have 
They cannot be regarded as survivors of and Horowitz (1945) suggests a mechanism { subst 
an early form of life because of their whereby the original protogene could have | orga, 
parasitic dependence on higher types; developed, by processes of mutation, into | perio 
but, from a study of their border-line the gene combinations of truly living | must 
position, the possibility of a transition organisms. Recent evidence points to the } ‘sun 
from non-living to living can be recognised. conclusion that each gene acts by pro| in th 
The synthesis of complex organic com- ducing a single enzyme, and that the 
pounds generally involves the application chain reactions involved in biochemical 
of heat, but other agencies can be used to syntheses are thus under the control off from 
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Since some of the inter- 


several genes. 
mediate substances produced have no 
direct physiological significance, the evolu- 
tion of chain syntheses, step by step under 
the influence of natural selection, appears 


to be an impossibility. On the other 
hand, the probability of the origin of a 
useful chain of reactions by the chance 
association of several genes is very small. 
Aconceivable mechanism is that evolution 
did proceed in small stages, but that the 
last step in the synthesis was attained first, 
the penultimate step next, and so on. 
Prerequisite for this process is a particular 
chemical environment containing both 
end-products and potential intermediates. 
Consider the assimilation, by a species, of 
end-product A, occurring along with 
intermediates B and C which can react 
together to produce A in the presence of 
a suitable catalyst. The availability of 
Ain the medium is eventually lowered to 
such an extent that selection comes into 
force, favouring mutants which are 
capable of producing the necessary enzyme 
toconvert B and C into A. The mutant 
strain finally displaces the parental strain 
from the population. Back-mutation to 
the original type will constitute a lethal, 
since the environment is now lacking in 
substance A. In time, substance B may 
become depleted, necessitating its syn- 
thesis from D and E, so that the activity 
of a further mutant gene is required. 
Gradually a genotype evolves, capable of 
synthesising a chain of reactions. Horowitz 
unfortunately gives no details as to how 
the large number of original genes postu- 
lated had come into existence, but presum- 
ably many molecules of the fundamental 
nucleoprotein substance had aggregated 
together, and each mutation had affected 
only one molecule of the ‘ organism.’ The 
essential point is that if the chance aggre- 
gation of molecules could have produced 
a complex nucleoprotein, it must also 
have produced a profusion of simpler 
substances, and rather than the sudden 
organisation of a functional system, a 
period of gradual increase in complexity 
must have intervened. The principle of 
Survival of the fittest ’ would have applied 
in the same manner as it does to-day. 

The higher forms of both plant and 
animal life may possibly have evolved 
fom a common ancestor, like a flagellate 
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Protistan. There are so many simple 
forms living to-day that an evolutionary 
sequence can roughly be traced from an 
apparently initial type to the most com- 
plex, along a number of divergent lines. 
But the simplest Protistan is vastly more 
complex than a gene or even a virus with 
which the first living systems may have 
been comparable. Simpson (1950) points 
out that the transition from the ‘ proto- 
gene ’ to Amoeba is at least as great as the 
transition from Amoeba to man. Evolu- 
tionary processes are so gradual that even 
in the formation of the protogene life 
cannot be supposed to have suddenly 
commenced at a certain recognisable 
point. Again, the difference between 
non-living and living is only one of degree. 

Unfortunately there are very few estab- 
lished facts on which to base an hypothesis. 
Speculation is only likely to prove fruitful 
in suggesting new lines of approach if it is 
based on a ‘ deep insight into the essential 
nature of the living processes, the origin of 
which is being sought, a thorough grasp of 
the types of physico-chemical mechanism 
which can be appealed to, and finally an 
understanding of the geochemical con- 
ditions which are likely to have existed at 
the time in question ’ (Waddington, 1952). 
Wilson (1923) says ‘ I do not believe that a 
confession of ignorance leaves us with no 
resource save vitalism.’ 

If, then, the origin of life by chemical 
and physical processes is accepted as the 
only reasonable assumption, the question 
arises whether life originated once only, 
or more than once, and whether a com- 
parable process is taking place to-day. 
It is most probable that the initial steps in 
the progressive complication and organi- 
sation of molecules, leading to the forma- 
tion of living matter, were taken many 
times. The sea must have been rich in 
organic compounds with great potentiali- 
ties. But since the essentials of life as it is 
generally understood are the same whether 
exhibited by a simple Protozoan or a 
higher mammal, it seems that living 
organisms must all be derived from a single 
source, or at least from a number of 
identical sources. Conditions existing in 
primeval times were presumably more 
suitable for the origin of life. The pro- 
portion of ultra-violet radiation in the 
solar spectrum was greater than it is now, 
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and its ionising action may have played a 
part, though the feeble penetrating power 
of the rays would necessitate reactions 
having been confined to the surface waters 
(or the atmosphere). There was also 
more radio-activity. It is necessary to 
presuppose a highly complex chemical 
environment ; organic molecules could 
accumulate in abiotic times whereas to-day 
they would be readily oxidised by free 
oxygen or metabolised by living organisms. 
The possibility of modern origins in nature, 
on the earth, can therefore be denied. 
Present knowledge of conditions on other 
planets is very sparse, but even if life exists 
on Mars, for example, it seems more likely 
that it had an independent origin than 
that spores were transmitted through 
space. Venus is supposed to be in an 
earlier stage of evolution than the earth, 
and life may be destined to appear on that 
planet some day. The nature of the 
clouds in the atmosphere of Venus at 
present is a disputed subject, some sug- 
gesting dust, others polyoxymethylene. 
Whether or not the induction of proto- 
plasm in vitro will ever be accomplished, it 
may be that the secret of the origin of living 
nature will never be fully revealed. The 
most progressive aspect of research relative 
to the subject at the present time is that of 
biochemical studies leading to a better 
understanding of the fundamental pro- 
cesses of living protoplasm, as distinct from 
the analysis of dead organisms. It might 
be more rewarding to try to ascertain and 
reproduce the conditions existing in pre- 
Cambrian times, and then wait for the 
chance repetition of the original processes. 


Nevertheless, the wisdom of carrying the} 
quest to its conclusion might well le} 
questioned, for if man were to achieye| 
the production of life, at will, from) 
laboratory chemicals, the control of this | 
great power might prove to be beyond his | 
limited comprehension, and might cop. 


sequently lead to his downfall. 
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LAND SETTLEMENT PROBLEMS IN 
UNDEVELOPED TROPICAL AREAS’ 


by 


Sir GEOFFREY EVANS 


One of the basic problems that the present- 
day world has to face is food supply in 
relation to a rapidly increasing popula- 
tion. We are well aware of this problem 
in Britain, and although conditions are 
aggravated by the after effects of the war 
and the need for rearmament, the fact 
seems to be that world population is 
outpacing the food supply. In consequence 
increased attention is now being paid to 
the possibility of opening up for cultiva- 
tion, remote virgin territory. Consider- 
able areas of virgin country still occur in 
the tropics, but they are rapidly shrinking 
as pressure of population on the land 
increases. I have had the opportunity 
of examining some of these areas, particu- 
larly in the mainland Caribbean colonies 
of British Guiana and British Honduras, 
and also in the northern parts of Australia, 
and to a less extent in parts of West Africa. 
The reasons why such areas still exist in a 
more or less virgin state may be attributed 
to various causes. 

Inadequate or unreliable rainfall and 
absence of surface water during long 
periods of the year may be one reason. 
These conditions occur in the northern 
and central parts of Australia and are 
gradually being overcome, in spite of great 
difficulties, by the construction of dams 
and reservoirs, and by the sinking of 
deep artesian wells which supply drinking- 
water for stock but are unsuitable for 
irrigation projects owing to the high 
mineral content. Such works entail large 
capital expenditure, of course, but never- 
theless before any development can stand 
a reasonable chance of success, the pro- 
vision of adequate water supplies must be 
assured. 


‘ Paper read at Edinburgh on August 14, 1951, 
during a discussion on surveys of under-developed 
areas (Sections C, D, E, F, K and M). 
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Another reason may be lack of com- 
munication and remoteness from markets. 
The opening up of adequate commu- 
nications again envisages large capital 
expenditure. 

The presence of insect pests causing 
diseases, such as the mosquito and the 
tsetse fly, may hamper development. The 
control of malaria, owing to recent dis- 
coveries, is now possible under settled 
conditions, and continued research into 
the tsetse problem is having remarkable 
results and may eventually remove this 
drawback to settlement. 

Sometimes the reason is historical, 
intertribal wars and slave raiding having 
caused entire districts to be abandoned. 
One comes across examples of this in the 
northern territories of the Gold Coast. 

Finally, there is the matter of the quality 
of the land. This is perhaps the most 
important of all and one that has been 
least appreciated in the past. Experience 
has shown that new settlements are ex- 
tremely hard to establish unless the soil 
is good, and unfortunately much of the 
land in these tropical undeveloped areas 
is marginal in character. If land in a 
fairly thickly inhabited region such as 
East Africa has not yet been developed, 
there is probably some very good reason 
for it. If the soils were fertile and other 
conditions reasonable, the natives could 
reasonably have been expected to have 
opened it up years ago. They usually 
know good land when they see it. Never- 
theless, these marginal lands must be 
tackled sooner or later, and the sooner we 
can start examining their possibilities the 
better, for such investigations inevitably 
take time and must be carried out before 
development on a large scale can be justi- 
fied. Those of us who have had tropical 
experience know the dangers of adopting 


Land Settlement Problems in Undeveloped Areas 


the traditional methods practised by the 
highly developed agriculture of Europe 
and this country. Tropical agriculture 
requires different methods and techniques. 
The poverty of so much of the land in 
Africa has been clearly demonstrated by 
the work of such Institutes as that for 
Agronomical Study in the Belgian Congo 
and the I.C.T.A. in Trinidad, and its 
associates in the West Indies have similarly 
shown how large a proportion of soil in 
the Central American region is lacking 
not only in humus, but in minerals such as 
phosphates and lime, quite apart from the 
possible absence of certain trace elements. 
In temperate regions the functions of 
earthworms in preserving fertility are 
well known, but in most tropical areas 
there are no earthworms and _ termites 
take their place. The exact function of 
the white ant in this respect is well worthy 
of further investigation. The futility of 
felling large areas of forest and of bull- 
dozing the soil without pre-knowledge of 
the effects on the ecological conditions 
is obvious, and we cannot afford to have 
further fiascos such as those that have 
taken place in Tanganyika and the 
Gambia in recent times. 

It has been my good fortune during the 
last ten years or so to be intimately 
involved in matters of this sort in connec- 
tion with settlement problems in the West 
Indies, and I should therefore like to 
illustrate the above statements with some 
examples of the problems likely to be 
encountered. 

For many years the British West Indian 
Islands have been faced with this problem 
of over-population. The land available 
is small in comparison with the popula- 
tion and since they are our oldest colonies 
and have been closely and not very 
prudently cultivated for two or three 
hundred years, much of the land is worked 
out and there is, in any case, not enough 
to go round. For example, the small 
island of Barbados, about as big as the Isle 
of Wight, has a density of about 1,200 to 
the square mile, which is very high for a 
place that depends entirely on agriculture 
for its livelihood. Jamaica, which is less 
than half the size of Wales, and contains 
a high proportion of mountainous land 
unfit for cultivation, has a density popu- 
lation of about 300 per square mile, and 
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the same sort of thing applies to Trinidad) ; 
and to most of the smaller islands, |; 
contrast the two mainland colonies, j¢ |) 
British Guiana with an area nearly equal) 
to Great Britain, has a density of 44, and > 
British Honduras, which is bigger thay 
Wales, 7 per square mile. In forme! 
times the surplus populations of the island 
found relief by the emigration of some of 
their surplus to U.S.A. and the Central 
American Republics, but in recent time 
this has ceased, and with the higher 
natural increase due to improved public 
health services, congestion has become 
acute. Naturally, therefore, the poss- 
bility of settling some of the surplus people 
from these crowded islands in the wide 
empty spaces of the two mainland colo 
nies has received much attention, and led 
to the appointment of Commissions in 
1939 and 1947 to investigate the position, 
which gave me, as a member, particular 
opportunities for studying these problems, 

The two colonies are strikingly different 
in their physical aspects. In _ British 
Guiana there is a long narrow coastal 
strip consisting of heavy marine clays and 
covering 3,000 square miles, much of 
which has now been developed for sugar 
and rice production. On this narrow 
strip, which is only 4 per cent. of the total 
area, 94 per cent. of the total population 
of 350,000 live. Owing to recent success- 
ful action in controlling the Anopheles 
darlingi mosquito, and so lessening the 
impact of malaria, the birth-rate has shown 
signs of such phenomenal increase that 
there is little possibility of finding room 
for large numbers of emigrants from the 
Islands on this coastal belt. The rest of 
the colony, which is locally known as the 
Interior, is practically unknown to the 
vast majority of the people of British 
Guiana. The central belt is mainly 
covered by primeval forest, the area of 
which is believed to be roughly about 
57,000 square miles. In the central 
portion is open country, known as the 
Middle Savannah, covering perhaps 2,000 
square miles, and carrying no livestock, 
and owing to the barrenness of the land 
it remains uncultivated. Two hundred 
miles from the coast and we emerge from 
the forest into the Savannah country 
proper, with a rainfall, monsoonal in 
character, of 50 to 60 inches and falling 
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in a five-month wet season. These 
Savannahs cover about 10,000 square 
miles and are devoted to cattle raising 
by primitive and extensive methods on 
open unfenced ranges. The soils on the 
whole are poor, being often sandy or 
gravelly, but there is no doubt that with 
fencing, rotational grazing, controlled 
grass burning, and the application of lime, 
phosphates and the use of more intel- 
ligently bred livestock, the area would be 
capable of a greatly increased output of 


beef. 
This brings one to the problem of 


transport, which is the most serious 
obstacle to the development of the 
Interior. There are four big rivers in the 


colony, but generally speaking they are 
useless for transport, as they are obstructed 
by cataracts. There are the alternatives 
of land transport by road or rail, and the 
air. To develop the country means must 
be found to bring fencing material, 
fertilisers and other goods into the 
Savannahs, and to bring back the beef 
and hides. Railway projects have been 
mooted from time to time, but the con- 
clusion has been reached that the several 
millions necessary to construct a railway 
would be uneconomic until more is known 
about the country to be traversed en 
route to the Brazilian border ; a railroad 
is not, in my opinion, likely to be con- 
structed until it can form part of a wider 
scheme tapping the bordering lands of 
Brazil and Venezuela. So attention was 
directed by the Commission towards the 
construction of a major road into the 
Interior, and inevitably the necessity has 
arisen for a reconnaissance of the land and 
soil to be tapped. 

Until the open Savannahs are reached, 
the country for 200 miles is covered by 
virgin forest. For the most part the soils 
are poor and sandy, and the rainfall is 
very heavy with no marked dry seasons— 
the most suitable type of cultivation for 
such conditions are tree or orchard crops 
such as cocoa, coffee, etc. The trouble 
is to find out whether sufficiently large 
areas of reasonably fertile land occur 
to justify the high expenditure involved 
which would be in the order of £10 mil- 
lion, It is most difficult to make this 
Preliminary survey. Of the plant indi- 
cators the most promising are probably 
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the palms and grasses in the more open 
country. The presence of the cocorite 
(Maximiliana) is indicative of infertile 
soils, but others such as Orbygnya saggottii 
seem to occur on better lands. The ‘ Ite’ 
Palm is found on black alluvial soil of fair 
quality liable to light flooding during the 
rainy season. 

On the Savannahs the grasses are useful 
indicators. The so-called ‘ Hairy’ grass 
( Trachypogon plumosa) occurs on deep loose 
sandy soil and is of poor quality for graz- 
ing. On rather better land characteristic 
grasses are Aristida selifolia and Andropogon 
spp. Higher land of very poor quality, 
useless for stock, is characterised by a 
sedge (Scirpus paradoxus). 

It was noticed that when dykes of basic 
rocks intrude through the vast areas of 
sandy formations, they break down into 
fertile red soil, which would be capable 
of permanent development. How ex- 
tensive these areas are, is not known. It 
may be that they occur in such compara- 
tively small isolated areas that they 
would prove too costly to develop. The 
Commission outlined a scheme for such a 
road to the Savannahs but recommended 
that a soil reconnaissance should be the 
first step before road construction was 
taken. At the time of our visit, high 
hopes were held that a gold-mining 
industry might develop, but since then 
these hopes have been dashed to the 
ground. It was hoped that the opening 
up of gold-fields would have led to per- 
manent agricultural development, as it 
has in California, Australia, and other 
places. Until a road can be constructed, 
the opening up of areas in the Kanuku 
mountains, a huge range which divides 
the northern and southern Savannahs 
into two, little can be done. The moun- 
tains were formerly closely inhabited, as 
mentioned by Sir Robert Schomberk 
when he visited the area over a hundred 
years ago, but are now completely de- 
serted though remains of old cocoa 
plantings can still be seen here and 
there. 

There is, however, an interesting de- 
velopment to record in the use of air 
transport. Up to the present all beef 
cattle have had to march to the coast 
through 200 miles of forest. About 15 per 
cent. are lost en route, and those that 
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the traditional] methods practised by the 
highly developed agriculture of Europe 
and this country. Tropical agriculture 
requires different methods and techniques. 
The poverty of so much of the land in 
Africa has been clearly demonstrated by 
the work of such Institutes as that for 
Agronomical Study in the Belgian Congo 
and the I.C.T.A. in Trinidad, and its 
associates in the West Indies have similarly 
shown how large a proportion of soil in 
the Central American region is lacking 
not only in humus, but in minerals such as 
phosphates and lime, quite apart from the 
possible absence of certain trace elements. 
In temperate regions the functions of 
earthworms in preserving fertility are 
well known, but in most tropical areas 
there are no earthworms and _ termites 
take their place. The exact function of 
the white ant in this respect is well worthy 
of further investigation. The futility of 
felling large areas of forest and of bull- 
dozing the soil without pre-knowledge of 
the effects on the ecological conditions 
is obvious, and we cannot afford to have 
further fiascos such as those that have 
taken place in Tanganyika and the 
Gambia in recent times. 

It has been my good fortune during the 
last ten years or so to be intimately 
involved in matters of this sort in connec- 
tion with settlement problems in the West 
Indies, and I should therefore like to 
illustrate the above statements with some 
examples of the problems likely to be 
encountered. 

For many years the British West Indian 
Islands have been faced with this problem 
of over-population. The land available 
is small in comparison with the popula- 
tion and since they are our oldest colonies 
and have been closely and not very 
prudently cultivated for two or three 
hundred years, much of the land is worked 
out and there is, in any case, not enough 
to go round. For example, the small 
island of Barbados, about as big as the Isle 
of Wight, has a density of about 1,200 to 
the square mile, which is very high for a 
place that depends entirely on agriculture 
for its livelihood. Jamaica, which is less 
than half the size of Wales, and contains 
a high proportion of mountainous land 
unfit for cultivation, has a density popu- 
lation of about 300 per square mile, and 
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the same sort of thing applies to Trinidad 
and to most of the smaller islands, Ip 
contrast the two mainland colonies, i.e, 
British Guiana with an area nearly equal 
to Great Britain, has a density of 44, and 
British Honduras, which is bigger than 
Wales, 7 per square mile. In former 
times the surplus populations of the islands 
found relief by the emigration of some of 
their surplus to U.S.A. and the Central 
American Republics, but in recent times 
this has ceased, and with the higher 
natural increase due to improved public 
health services, congestion has become 
acute. Naturally, therefore, the possi- 
bility of settling some of the surplus people 
from these crowded islands in the wide 
empty spaces of the two mainland colo- 
nies has received much attention, and led 
to the appointment of Commissions in 
1939 and 1947 to investigate the position, 
which gave me, as a member, particular 
opportunities for studying these problems, 

The two colonies are strikingly different 
in their physical aspects. In British 
Guiana there is a long narrow coastal 
strip consisting of heavy marine clays and 
covering 3,000 square miles, much of 
which has now been developed for sugar 
and rice production. On this narrow 
strip, which is only 4 per cent. of the total 
area, 94 per cent. of the total population 
of 350,000 live. Owing to recent success- 
ful action in controlling the Anopheles 
darlingi mosquito, and so lessening the 
impact of malaria, the birth-rate has shown 
signs of such phenomenal increase that 
there is little possibility of finding room 
for large numbers of emigrants from the 
Islands on this coastal belt. The rest of 
the colony, which is locally known as the 
Interior, is practically unknown to the 
vast majority of the people of British 
Guiana. The central belt is mainly 
covered by primeval forest, the area of 
which is believed to be roughly about 
57,000 square miles. In the central 
portion is open country, known as the 
Middle Savannah, covering perhaps 2,000 
square miles, and carrying no livestock, 
and owing to the barrenness of the land 
it remains uncultivated. Two hundred 
miles from the coast and we emerge from 
the forest into the Savannah country 
proper, with a rainfall, monsoonal in 


character, of 50 to 60 inches and falling 
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in a five-month wet season. These 
Savannahs cover about 10,000 square 
miles and are devoted to cattle raising 
by primitive and extensive methods on 
open unfenced ranges. The soils on the 
whole are poor, being often sandy or 
gravelly, but there is no doubt that with 
fencing, rotational grazing, controlled 
grass burning, and the application of lime, 
phosphates and the use of more intel- 
ligently bred livestock, the area would be 
capable of a greatly increased output of 


beef. 
This brings one to the problem of 


transport, which is the most serious 
obstacle to the development of the 
Interior. There are four big rivers in the 


colony, but generally speaking they are 
useless for transport, as they are obstructed 
by cataracts. There are the alternatives 
of land transport by road or rail, and the 
air. To develop the country means must 
be found to bring fencing material, 
fertilisers and other goods into the 
Savannahs, and to bring back the beef 
and hides. Railway projects have been 
mooted from time to time, but the con- 
clusion has been reached that the several 
millions necessary to construct a railway 
would be uneconomic until more is known 
about the country to be traversed en 
route to the Brazilian border ; a railroad 
is not, in my opinion, likely to be con- 
structed until it can form part of a wider 
scheme tapping the bordering lands of 
Brazil and Venezuela. So attention was 
directed by the Commission towards the 
construction of a major road into the 
Interior, and inevitably the necessity has 
arisen for a reconnaissance of the land and 
soil to be tapped. 

Until the open Savannahs are reached, 
the country for 200 miles is covered by 
virgin forest. For the most part the soils 
are poor and sandy, and the rainfall is 
very heavy with no marked dry seasons— 
the most suitable type of cultivation for 
such conditions are tree or orchard crops 
such as cocoa, coffee, etc. The trouble 
is to find out whether sufficiently large 
areas of reasonably fertile land occur 
to justify the high expenditure involved 
which would be in the order of £10 mil- 
lion. It is most difficult to make this 
preliminary survey. Of the plant indi- 
tators the most promising are probably 
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the palms and grasses in the more open 
country. The presence of the cocorite 
(Maximiliana) is indicative of infertile 
soils, but others such as Orbygnya saggottit 
seem to occur on better lands. The ‘ Ite’ 
Palm is found on black alluvial soil of fair 
quality liable to light flooding during the 
rainy season. 

On the Savannahs the grasses are useful 
indicators. The so-called ‘ Hairy’ grass 
( Trachypogon plumosa) occurs on deep loose 
sandy soil and is of poor quality for graz- 
ing. On rather better land characteristic 
grasses are Aristida selifolia and Andropogon 
spp. Higher land of very poor quality, 
useless for stock, is characterised by a 
sedge (Scirpus paradoxus). 

It was noticed that when dykes of basic 
rocks intrude through the vast areas of 
sandy formations, they break down into 
fertile red soil, which would be capable 
of permanent development. How ex- 
tensive these areas are, is not known. It 
may be that they occur in such compara- 
tively small isolated areas that they 
would prove too costly to develop. The 
Commission outlined a scheme for such a 
road to the Savannahs but recommended 
that a soil reconnaissance should be the 
first step before road construction was 
taken. At the time of our visit, high 
hopes were held that a gold-mining 
industry might develop, but since then 
these hopes have been dashed to the 
ground. It was hoped that the opening 
up of gold-fields would have led to per- 
manent agricultural development, as it 
has in California, Australia, and other 
places. Until a road can be constructed, 
the opening up of areas in the Kanuku 
mountains, a huge range which divides 
the northern and southern Savannahs 
into two, little can be done. The moun- 
tains were formerly closely inhabited, as 
mentioned by Sir Robert Schomberk 
when he visited the area over a hundred 
years ago, but are now completely de- 
serted though remains of old cocoa 
plantings can still be seen here and 
there. 

There is, however, an interesting de- 
velopment to record in the use of air 
transport. Up to the present all beef 
cattle have had to march to the coast 
through 200 miles of forest. About 15 per 
cent. are lost en route, and those that 
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arrive are in deplorable condition ; in 
addition many of the cattle on the 
Savannahs are so wild that they cannot 
be herded. It is obviously sounder to 
slaughter the cattle on the ranges and 
export the beef, leaving the bones and 
other residues on the Savannahs which 
can ill afford to lose the phosphates and 
lime they represent. Recently this sug- 
gestion has been adopted in a small way. 
An abbatoir has been constructed on the 
Savannahs and the beef is being flown out 
to the coast. Beef, as we know, is a 
scarce commodity, and with the present 
ruling prices, this scheme is said to pay. 
If the air company can get back loading 
with fencing, wire and fertilisers, the 
enterprise may prove profitable. 

One of the ways of opening up the 
country is, of course, by the orderly exploit- 
ation of the forests, and a scheme for the 
annual extraction of three million cubic 
feet of lumber from the Lower Essequibo 
area has now been started. The capital 
involved will be over £1} million. But 
forestry in itself does not require much 
labour, and this scheme might involve 
only 1,000 workers, or say, 4,000 in all, 
and will not do much to help the emigra- 
tion problem. 

Another project to grow bananas on the 
pegasse (tropical peat) lands of the coast 
is still in the experimental stage and might, 
if it proves successful, require 16,000 
emigrants. Experiments recommended 
by the Commission have led to such pro- 
mising results over the last three years 
that a company sponsored by the Govern- 
ment and two private companies now 
proposes to proceed more rapidly, and to 
place several thousand acres under this 
crop, thus utilising large areas of land 
which have hitherto remained unculti- 
vated. As I have said, the other agri- 
cultural projects which could absorb 
larger numbers will depend on the estab- 
lishment of communications into the 
Interior. 

The other colony, British Honduras, 
although smaller in area, presents brighter 
prospects for emigrants. The immediate 
environment of Belize, the capital, is 
unpromising, consisting of swamps and 
sandy ridges, but as one travels into the 
interior, one comes across large areas of 


good land. In fact, there is probably 
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more good land than in all the British 
West Indian Islands put together. [py 
this case, the problem of communications 
is not so difficult, and much has been done 
in recent years to open up the country, 
The economy of the colony is peculiar 
and fundamentally unsound in present. 
day conditions. It has existed for the 
whole of its hundred years as a colony on 
the export of mahogany, and the profits 
from this industry have sufficed to pay for 
the food and other necessities of life which 
are imported from abroad. The total 
population is about 60,000, of which 
about one-third live in the capital, Belize. 
Only one-third of the population is gain. 
fully employed, and less than 6,000 of 
these were classed as agriculturists, and 
most of these are Maya Indians, who 
practise a primitive form of shifting culti- 
vation, known as ‘milpa.’ The main 
industry is lumbering, the chief timber 
being mahogany ; the slash pine (Pinus 
caribbea) being a good second. So long 
as the mahogany was there all went well, 
but in recent years owing to overcutting, 
this timber is getting hard to find, with 
the result that there is a serious decline 
in revenue and much under-employment. 
Outside Belize the majority of the people 
are lumber men pure and simple, and 
have never engaged in agriculture to any 
extent, but now that timber supplies 
are on the decline and the bleeding of 
the chicle tree (Achras sapota) for chew- 
ing gum has had a set-back owing to 
over-exploitation, the colony must per- 
force turn more to agriculture and will 
have to rely less on imports since she 
may find them increasingly difficult to 
purchase from abroad. Acting on this 
supposition the Commission recommend 
several important schemes of agricultural 
development. 

The first is a sugar project involving the 
construction of a sugar Central to make 
eventually 20,000 tons of sugar. Twenty 
thousand acres would be required for the 
growing of cane and 7,000 odd labourers 
would be required with their families, 
representing perhaps 30,000 immigrants. 
The area where this project would be 
located is Corozal, the northernmost 
province, where soil and climate are 
apparently suitable and where cane 3s 
already grown on a small scale. This 
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crop is admirably suited to people from 
Barbados and Jamaica, who are already 
familiar to the crop. Other crops which 
have already proved their suitability to 
the climate are cocoa and bananas in the 
central and southern provinces, and both 
of these will require large numbers of 
emigrants. In each case, however, pilot 
schemes are recommended, as it is felt 
that there may be various unforeseen 
difficulties to overcome before large 
emigration can be safely envisaged. 

Another project is the development of a 
dairy industry in the Cayo district to 
supply the needs of the country which at 
present imports the whole of its dairy 
products. ‘This again will have to start 
on a modest scale, and it will be necessary 
not only to import new dairy stock, and 
build up herds, of which the colony is 
woefully lacking at present, but also to 
train the workers. So it will be a matter 
of gradual development. Other crops 
which would appear to offer promise, 
but which are not yet proven, are Manila 
hemp and tobacco, and here again, no 
large-scale action should be taken until 
these crops have been thoroughly tested 
on pilot plots. There is also the prospect 
of big developments in rice. Along with 
these developments better communications 
will be required and a scheme of feeder 
roads to round off these projects has been 
suggested. In our wanderings over British 
Honduras we found the soils of the interior 
much more promising than in similar 
parts of British Guiana. The latter 
colony is unfortunate in that it possesses 
no limestone deposits, whereas in British 
Honduras limestone hills and coral forma- 
tions are abundant. Here again the Palm 
is considered a useful indicator of soil, and 
wherever the Cohune (Obygnya cohune) 
occurs it is usually considered to indicate 
land of reasonable fertility. 

I have touched on the possibilities of 
these two colonies with regard to develop- 
ment and the possibilities of immigration 
from the overcrowded West Indian Islands, 
and it is evident that apart from any other 
aspect, finance will have to play a big 
part. ‘The sugar scheme in British Hon- 
duras would when fully complete cost at 
least £3 million, and the other schemes I 
have mentioned will require further large 
capital expenditure, in addition to roads, 
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harbour, and similar developments. The 
cost of transporting emigrants and their 
families alone will be considerable. 

The problem of settling people in an 
undeveloped country is an intricate one. 
In modern times it is not sufficient to say : 
‘there is the land, go in and develop it.’ 
What is required is that the emigrant 
from the Island should stay in the country 
he has migrated to. The whole object 
would be defeated if he returned in a year 
or two to his homeland. Once he elects 
to go he must stay, and to encourage him 
to do so, not only must he be allowed to 
take his family with him, but if possible 
he should be able to settle with his friends. 
It must be remembered that the peoples 
of these West Indian Islands which have 
been long settled, are used to certain 
amenities—the Barbadian, for example, 
is never very far from a tarred road and a 
street lamp—and they require reasonable 
facilities for educating their children, for 
religious worship and medical attention. 

If, therefore, the right type of agricul- 
tural labour for work in opening up these 
new areas is to be secured, it will probably 
be best to arrange for the settlements to be 
designed in the form of villages where 
social amenities can be more easily 
organised. Such arrangements will of 
necessity cost money, and in order to 
meet this it will be necessary for crop pro- 
duction to be carried out in the most 
efficient manner. To my mind the best 
way to ensure efficient production both 
from the yield basis, and from the point of 
quality, is to grow it in areas of sufficient 
size to warrant the employment of well- 
trained staff, the use of most up-to-date 
equipment for cultivation, the control of 
disease, and the processing and marketing 
of the crop. With recent advances of 
science, the control of disease or pest is 
more easily undertaken when the crop is 
grown in a large plantation, than if pro- 
duced over hundreds of scattered units. 
The settlement of individuals in haphazard 
plots, which has happened so often in the 
past, will be a disaster. The difficulties 
that have occurred in applying control 
measures in the cocoa disease in the Gold 
Coast where the crop is grown by thous- 
ands of individuals on small scattered 
farms is only one example. 

In virgin areas it will be most essential 
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that the best methods and the best avail- 
able planting material should be used 
from the start, and since the emigrants 
will have to learn their job, it will prob- 
ably be found best for them, at any rate at 
the start, to work as paid labourers on the 
estates so formed. During the course of 
many inquiries from potential emigrants, 
I found, rather to my surprise I must con- 
fess, that a majority of those questioned 
showed a preference for working on an 
estate for a steady wage, provided means 
could be found to provide them with a 
small piece of land as a garden in which 
they could grow some of their provisions 
and keep small stock. It seems likely 
that new settlements will have to be 
started along these lines if they are to 
succeed. 

I have endeavoured in this note to 
impress one or two facts which have not 


always been appreciated by the public, 
and if I have done something to dispel 


the idea that the virgin tropics are q | 


source of easy wealth merely awaiting ex. 
ploitation, I shall have accomplished 
something. 

There is good land in the tropics await. 
ing development, but there is far more 
second-class or marginal land which will 
need careful investigation before it can 
be brought into production, and in any 
case the amount of virgin land that remains 
is rapidly decreasing as pressure of popula- 
tion expands. But tropical land, whether 
good or marginal, will involve the ex. 
penditure of much capital before it can 
be made available for settlers, and the 
institution of trial or pilot plots, and a 
careful soil survey is regarded as essential 
before any large planned settlement can 
be contemplated. 
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BODY WATER 
REPORT OF A SYMPOSIUM 


FoLLOWING the Presidential Address to the Physiology Section at Edinburgh (Advance- 
ment of Science, No. 30) on August 13, 1951, the programme of this session, devoted to the 
subject of Body Water, was continued. The first speaker was Professor G. de Hevesy 
(Stockholm), whose paper dealt with the application of radioactive indicators in vascular 
studies. Following this, Professor H. Ussing (Copenhagen) gave his paper on the 
transport of electrolytes and water through living membranes. The session then ad- 
journed for lunch, and in the afternoon Dr. Mary Pickford (Edinburgh) gave a paper on 
the mechanisms related to the release of the anti-diuretic hormone of the posterior lobe 
ofthe pituitary gland. Finally Dr. J. A. Barclay (Birmingham) described the role of the 
kidney in the control of body water. 
These papers are given below, in the order in which they were delivered. 


APPLICATION OF RADIOACTIVE INDICATORS -+ inorganic components of the erythro- 
IN VASCULAR STUDIES cytes we find the bulk of *?P present in the 
n the red corpuscles colytic an 
Prof. G. de Hevesy other enzymatic take 
NuMeRous types of labelled atoms or place. In the course of these processes 
molecules introduced into the circulation ‘old,’ non-labelled molecules are de- 
pass, often at a most remarkable rate, the graded and ‘ new’ ones are formed at a 
capillary wall, reach the interspaces and remarkable rate. In the presence of 
penetrate into the tissue cells in which labelled phosphate molecules these ions 
they participate in numerous chemical will be incorporated into the newly 
processes. We shall be told by Professor formed molecules of adenosin-triphos- 
Ussing, who made important contribu-  phoric acid, hexosemonophosphate and 
tions to this field, about some aspects of cell soon. A process which results in a strong 
permeability. I want to be permitted to dilution of the *#P content of the inorganic 
say a few words on the application of phosphate of the red corpuscles by *!P 
radioactive indicators in the study of split off from degraded molecules of these 
vascular constituents. compounds. 

When introducing labelled phosphate While during incubation labelled phos- 
of negligible weight, for example as phate added to the plasma moves into the 
sodium phosphate, into the circulation or _ red corpuscles, if labelled erythrocytes are 
adding to a blood sample kept at body introduced into the non-labelled circula- 
temperature, we soon find some of the 32P tion, labelled inorganic phosphate moves 
added in the erythrocytes ; after the lapse from the red corpuscles into the plasma. 
of 2 hours the 32P content of 1 gm. of red The extrusion of 2P atoms from the red 
corpuscles does not differ much from that corpuscles is, however, much slower than 
of1 gm. of blood plasma. In contrast to their intrusion into the erythrocytes. 
inorganic P, organic P as hexosemono- While practically all **P atoms of the 
phosphate added to the plasma does not _ plasma are present as inorganic phosphate 
penetrate into the erythrocytes to a sig- and can thus participate in the intrusion 
nificant extent. However, phosphatase process, a minor fraction of those present 
Present in the blood decomposes the in the red corpuscles participates in the 
hexosemonophosphate molecules and the — extrusion process only, the bulk of the *#P 
phosphate split off penetrates into the red atoms being present in the erythrocytes in 
corpuscles. If we isolate the labelled an organic state in which **P cannot leave 
phosphate from the acid soluble organic the red corpuscles. 
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By incubating a blood sample at body 
temperature for example for an hour with 
labelled phosphate, we obtain temporarily 
labelled red corpuscles. By injecting such 
corpuscles into the circulation of the right 
arm, for example, and securing at different 
times blood samples from the left arm, 
radioactive measurements of the blood 
samples will indicate the arrival of the in- 
jected red corpuscles into the circulation 
of the right arm. *?P labelled red cor- 
puscles were in numerous cases applied in 
the measurement of the circulation rate 
and also in the determination of the total 
circulating blood volume. In the last men- 
tioned determination the radioactivity of 
a known aliquot of the injected labelled 
red corpuscles is compared with the radio- 
activity of erythrocytes secured, for ex- 
ample, 10 minutes after injection. Due 
to the dilution of the injected radio- 
active red corpuscles by the circulating 
non-radioactive erythrocytes the sample 
secured is much less radioactive than 
the sample injected. From the ratio of 
the radioactivity of the injected and 
secured red corpuscle sample we can cal- 
culate the total circulating red corpuscle 
volume. 

Washed erythrocytes lose in the course 
of 15 minutes 2 per cent. of their *2P con- 
tent when injected into the inactive circu- 
lation. This time interval amply suffices 
to obtain under physiological conditions 
mixing of the injected with the circulating 
blood ; furthermore 2 per cent. is well 
within the accuracy of the usual blood 
volume determination. *?P labelled cor- 
puscles can thus profitably be used in 
blood volume measurements under physio- 
logical conditions. With impaired circu- 
lation, however, it may be necessary to 
follow the mixing process of the injected 
and the circulating blood for several hours 
which requires more stably labelled 
erythrocytes than can be obtained by 
making use of as an indicator. Nylin 
and also others could, however, follow in 
several cases the fate of *2P labelled red 
corpuscles up to 2 hours after their injec- 
tion. In these experiments labelled blood 
was injected. If beside the injected 
erythrocytes the injected plasma contains 
32P as well, some plasma #2P penetrates 
into the red corpuscles of the circulation 
and may compensate the above-mentioned 
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2 per cent. loss by the red corpuscles jn 
the course of 15 minutes. 

The erythrocytes contain about twenty. 
five times as much potassium as plasma of 
the same weight, the mean life of a potas. 


sium ion is thus much longer in the red f 


corpuscles than in the plasma. Corre. 
spondingly by incubating a blood sample 
in the presence of 42K we can obtain 
temporarily labelled red corpuscles. Nylin 
and myself applied such red corpuscles in 
blood volume determinations. The “K 
labelled washed erythrocytes were found 
to lose 4 per cent. of their 47K content in 
the course of 15 minutes, i.e. only } as 
much as the 32P lost during the same time 
by %2P labelled erythrocytes. We found 
also in this case that the injection of active 
blood is followed by a smaller 4?K loss by 
its erythrocytes than the injection of 
labelled red corpuscles only. 
Radiochromium was found recently by 
Gray and Sterling to be a very suitable 


labelling agency of red corpuscles. If 
blood is incubated in the presence of 
labelled chromate the red corpuscles take 
up radiochromium. If such corpuscles 
are injected into the circulation, they lose 
in the course of 1 day less than 5 per 
cent. of their radioactivity. While radio- 
chromium labelled red corpuscles may 
prove to be very useful in physiological 
investigations they are less suited to 
clinical application. In contrast to most 
of the artificial radioactive isotopes which 
emit $ rays or positrons and the intensity 
of which can be measured with the Geiger 
counter, radiochromium emits soft x-rays. 


These can be measured with a good yield f 
with a crystal counter, an instrument? 


which has to be operated by a physicist, 
while a nurse can operate without diff- 
culty a Geiger counter. Furthermore 
radiochromium has a half life of almost 
1 month and correspondingly the patient 
is exposed for a long time to the irradiation 
emitted by the radiochromium introduced 
into the circulation. The long lifetime of 
the labelling isotope is also of disad- 
vantage when wanting to repeat the blood 
volume determination. When determi 
ing the blood loss sustained by a patient 
the course of a surgical interference we 
have to measure his blood volume befottf 
and after the operation. Coryn applied 
successfully 32P labelled red corpuscles 1 
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scles in 


such determinations using stored labelled 
blood and correcting empirically for the 
#P loss by the injected stored erythro- 


es. 
* very suitable labelling for such and 
other purposes can be obtained by intro- 
ducing a radioactive emanation into a 
blood sample to be labelled. Much of the 
emanation speedily penetrates into the 
erythrocytes, decays within these under 
the formation of radioactive isotopes of 
lead and bismuth which are to a very large 
extent kept within the erythrocytes which 
thus remain labelled for many hours. The 
most suitable emanation to be used for 
labelling purposes is thorium emanation 
(thoron). Its half life is 55 sec., it dis- 
appears thus within a few minutes after 
having reached the blood sample, which is 
ofvery greatadvantage. The ‘active depo- 
sit’ formed when thoron disintegrates has 
ahalf life of 10-6 hr. After a few days 
almost all radioactivity thus disappears 
from the body, into which thoron labelled 
erythrocytes or labelled whole blood was 
injected. When repeating the blood vol- 
ume determination after a few days we are 
no longer disturbed by the remaining 
activity of the red corpuscles. On the 
other hand the activity of a radioactive 
body having a 10-6 hr. period can be very 
conveniently measured. The 8 radiation 
emitted by the pertinent component of the 
active deposit (thorium C) has an absorp- 
tion coefficient close to that of 32P and can 
thus be very conveniently assessed. We 
obtained thoron in blood volume deter- 
minations carried out by Nylin and myself 
from a radiothorium sample. An oxygen 
stream striking the surface of the radio- 
thorium carried the thoron into the blood 
sample. 

The distribution of thoron between the 


ted corpuscles and the plasma depends 


largely on the experimental conditions. 
We succeeded in obtaining labelled cor- 
puscles thirty times more active than 


plasma of the same weight. When in- 


jecting thoron-labelled erythrocytes the 
plasma thus contains a small part of the 
activity only, and even most of this re- 
sticted activity disappears within a few 
minutes from the circulation, being taken 
up by the reticulo-endothelial system. A 
sparation of the red corpuscles from the 
Plasma, a time-consuming operation, can 
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thus be avoided and the blood loss sus- 
tained speedily determined. 

Thoron was discovered by Rutherford 
during his Montreal years and he and 
Soddy based on this and some other simi- 
lar discoveries their fundamental theory 
of successive radioactive transformations. 
The late Lord Rutherford could thoroughly 
enjoy news of novel applications of radio- 
active substances and their radiation, and 
he would presumably be amused to learn 
that one of his favourite children, thorium 
emanation, was, in spite of its half life 
of only 55 sec. successfully applied to such 
a tangible purpose as the determination 
of the circulating blood volume. 

In the determination of circulation 
velocity and blood volume we make use 
of temporarily labelled erythrocytes. To 
measure the life span of blood corpuscles 
we must dispose of permanently labelled 
corpuscles. %?P cannot be applied in the 
permanent labelling of mammalian red 
corpuscles. All phosphorus compounds 
present in such erythrocytes have an 
appreciable turnover rate, and thus an 
appreciable part of the ??P content of any 
of their phosphorus compounds emigrates 
during the life cycle of the mammalian 
red corpuscles. 

Nucleated red corpuscles such as those 
of the hen contain appreciable amounts of 
desoxyribonucleic acid which is not turned 
over during the lifetime of the erythrocytes 
and whose *2P remain conserved in the 
nuclei of the red corpuscles all through 
their life span. When this is terminated 
the erythrocytes hzmolyse and_ their 
desoxyribonucleic acid gets into contact 
with degrading enzymes, which split off 
their phosphate content which is then 
incorporated into the phosphate pool of 
the body. By daily injections of labelled 
phosphate we can maintain the plasma 
and also the bone marrow of the hen at a 
constant inorganic P activity level. De- 
soxyribonucleic acid of the erythrocytes is 
formed in such experiments from inorganic 
P of constant specific activity. The 
erythrocytes containing labelled desoxyri- 
bonucleic acid are successively released 
into the circulation, a process which re- 
sults in an increasing *?P content of the 
desoxyribonucleic acid of the red cor- 
puscles of the circulation for about the 
first 30 days. From that date no further 
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increase takes place indicating that all red 
corpuscles of the circulation were renewed 
during 30 days. 

The same result was obtained in experi- 
ments by Ottesen who injected labelled 
phosphate to the hen at the start of the 
experiment only. The first day of the 
experiment the specific activity of the 
marrow inorganic P is much higher than 
at a later date, correspondingly on the 
first day, red corpuscles of much higher 
desoxyribonucleic acid *2P content are 
formed than at a later date. When these 
red corpuscles reach their life span the 
32P content of the desoxyribonucleic acid 
of the erythrocytes secured from the circu- 
lation rapidly decreases. This decrease is 
observed about 30 days after the start of 
the experiment. The method used by 
Ottesen resembles the method previously 
used by Shemin and Rittenberg in their 
determination of the life cycle of human 
erythrocytes. They fed human subjects 
glycin labelled with 4N and found that 
the 1®N content of the nitrogen secured 
from the hemoglobin of the circulation sud- 
denly decreases after the lapse of 110 days. 

Ottesen applied the above described 
method in the determination of the life 
cycle of human lymphocytes and leuco- 
cytes as well, in which, just as in the 
avian erythrocytes, no turnover of desoxy- 
ribonucleic acid takes place. These de- 
terminations revealed the presence of an 
appreciable fraction of lymphocytes of a 
lifetime of many months in the human 
organism. 


TRANSPORT OF ELECTROLYTES AND WATER 
THrouGH Livinc MEMBRANES 


by 
Prof. Hans H. Ussing 


One of the problems often facing the stu- 
dent of permeability is : Does the substance 
under study pass a given membrane due 
to diffusion, or is it subject to active trans- 
port. The distinction between these two 
possibilities usually presents little difficulty 
for uncharged molecules. A behaviour 
in accordance with Fick’s law of diffusion 
is taken as proof that the passage through 
the membrane is passive. 

Fick’s law does not hold for charged 
particles, however. The behaviour of 


ions is governed by the combined effects 
of concentration gradient and electric 
potential gradient. Under certain cop. 
ditions a third force enters into the escap. 
ing tendency of solutes, charged as well as 
uncharged, namely the friction originating 
from the movement of water across the 
membrane. The expression describing 
the passage of an ion even through a homo. 
geneous membrane may thus become 
extremely involved. Living membrane 
consisting of several layers present mathe. 
matical difficulties which at present 
probably cannot be overcome. 

A great simplification is obtained, how- 
ever, if one considers—not the net amount 
passing through the membrane—but the 
flux ratio, the ratio between the total 
diffusion stream going in and that going 
out.) 2 

These two figures are readily obtainable 
using isotopic tracers for the ion. Let us 
assume that at zero time we have addeda 
tracer amount of radioactive ?4Na to the 
inside solution and that 1 per cent. of the 
24Na passes through unit area in unit time. 
We then conclude that the sodium out- 
flux, Mout, equals 1 per cent. of all sodium 
ions, active and inactive, in the inside 
solution. The influx, Min, might be ob- 
tained in a parallel experiment where the 
radioactive sodium was added to the out- 
side solution. It is much more satisfac- 
tory, however, to determine both flux 
values simultaneously, estimating outflux 


with 24Na (half life 15 hr.) and, simul- | 


taneously, influx with ?%Na (half life 3 
years). Since the net flux, A, is equal to 

in — Mout, a chemical analysis plus 
a tracer experiment obviously suffice to 
give both flux values. Often, however, 
the net change in concentration is too 
small to be determined accurately. The 
double tracer method is then the method 
of choice. 

It can be shown that for a passive ion, 
diffusing through a membrane, the flux 
ratio is equal to the ratio between its 
electrochemical activities in the two solu- 
tions in contact with the membrane : 


(1) 
Mout aj 
where 4, is the electrochemical activity 


in the outside solution and 4; is that in the 
inside solution. 
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It can be shown? that 


G (d 
Mp 
nt zFE/RT + (2) 


The first term of the right hand expression, 
be, is the natural logarithm of the ratio 


between the chemical activities of the ion 
inoutside and inside solution, respectively. 
This term is independent of the membrane 
structure. The same applies to the second 
tem zZFE/RT. Here z is the charge of 
the ion, F is Faraday’s number, E the 

tential difference between the solutions, 
Ris the gas constant and T the absolute 
temperature. The last term, however, 
which describes the effect of the flow of 
slvent through the membrane contains 
an integral which cannot be evaluated 
directly. In this expression G is the fric- 
tional coefficient for the ion moving in 
water (force exerted upon one mole of ion 
moving at unit velocity in water). g’y 
isthe frictional coefficient for water flowing 
in the membrane. It should be noted 
that whereas G is a constant, g’ is usually 
avariable with x, the distance from one of 
the boundaries. The pores may contract 
and widen, the total area available to 
diffusion may vary, etc., and the resulting 
variations in g’» are generally not accessible 


d 
-He ) is a measure 
dx 


of the force acting on one mole of water. 
It arises from the osmotic pressure, the 
hydrostatic pressure and, possibly, from 
active transport of water. It goes without 
saying that this force may vary in an un- 
known way with x. 

The third term of eq. (2) may, how- 
ever, be evaluated indirectly. It will be 
noticed that, whereas G is an individual 
factor, characteristic of the ion in question, 
the expression under the integral sign is 
common to all diffusing substances, in- 
cluding water itself. We can therefore 
express the integral as a function of the 
flux ratio for water (determined with, for 
Instance, heavy water). 


% (de RT Metin 
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Here G, is the frictional coefficient for 
water diffusing in water; ad ji) and 
Qo) the water activities in the inside 
and outside solution, respectively, and 
Muiin) 
them quantities that are directly accessible 
to measurement. If we now insert ex- 
pression (3) in (2), we are able to express 


the flux ratio for water; all of 


= solely by experimentally available 


figures: 
Min % (sa Movin) G/Gy (4) 
Mout aj RT Moaout) 


If the behaviour of an ion is in accord with 
this equation we must conclude that it 
diffuses freely and is not subject to 
active transport. If the equation does 
not apply, the ion must move, partially 
at least, chemically combined with a 
carrier. 

The use that can be made of this 
equation is exemplified by experiments 
performed in the Laboratory of Zoo- 
physiology, University of Copenhagen on 
the frog skin*5® and the gastric mucosa 
of frog (Hogben)? 8, 

In the frog skin the chloride turned out 
to be passive under normal conditions, 
whereas the Na ion is subject to an active 
transport inward. By a suitable arrange- 
ment the electric potential difference, 
ordinarily existing across the surviving 
frog skin, can be short-circuited. Under 
normal conditions the electric current 
which can be drawn from the skin comes 
quantitatively from the active transport 
of sodium ions inward. Adrenaline as 
well as neurohypophyseal extracts increase 
the current, often by more than 100 per 
cent. The increase brought about by 
neurohypophyseal extract is due to a drop 
in the internal resistance of the ‘ Na- 
battery,’ the mechanism transporting Na 
inward. Even after the increase in 
current, the latter equals exactly the net 
sodium flux. Neurohypophyseal extract 
also changes the water permeability of 
the skin (compare the well-known water 
balance reaction in amphibians). We get 
the seemingly paradoxical situation® that 
the diffusion resistance, as measured with 
heavy water, is changed by less than 
10 per cent. whereas the net transfer of 
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water between solutions of different os- 
motic pressure increases by about 200 per 
cent. At first sight this might be taken 
as a proof of active water transport. Con- 
sidering the expression under the integral 
sign in eq. (3) which determines the 
flux ratio for water, we have to realise that 
a structural change affecting g’,, the 
frictional coefficient to water in the mem- 
brane, may give rise to a change in the 
flux ratio in the net water transport. The 
fact that the hormone affects the resistance 
to Na transport rather than the trans- 
porting force, might speak in favour of a 
change in pore size in some layer of the 
skin. 

As already mentioned even adrenaline 
increases the electric current drawn from 
the skin. Here, however, the increase 
comes mainly from a new source of electric 
current, normally dormant, namely an 
active transport of the negative chloride 
ions outward. Net chloride transport and 
net Na transport sum up to give very 
closely the total electric current. Prob- 
ably the chloride transport takes place in 
the skin glands which start secreting under 
the influence of adrenaline. 

In the isolated gastric mucosa of the 
frog there is no active Na transport. The 
total electric current that can be drawn 
from this organ comes from active chloride 
transport from the nutrient to the secretion 
side. Simultaneously, there is an active 
transport in the opposite direction of bi- 
carbonate ions (as measured with 14CO,). 
The hydrochloric acid thus seems to 
arise from a forced exchange of bicar- 
bonate against chloride ions. Hydrogen 
ions need not be transported through 
the membrane, since they would be 
when bicarbonate ions are removed from 
left behind a solution containing carbonic 
acid. 
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SoME OF THE Factors DETERMINING TH 
RELEASE OF THE ANTIDIURETIC Horwmoyz 


by 
Dr. Mary Pickford 


Tuis is a festival year, an occasion of anni. 
versaries, so it is particularly interesting 
to recall that exactly 50 years ago and 
in this laboratory, Schafer and Magnus 
(1901) showed that the posterior lobe of 
the pituitary contained a substance which 
altered the rate of urine flow. The im. 
portance of their observation is not 
lessened by the fact that they wrongly 
believed that the substance was normally 
a diuretic, as indeed it was under the 
conditions of their experiments and in the 
doses used. Twelve years later v. den 
Velden (1913) and Farini (1913) showed 
that the posterior lobe extract could reduce 
the polyuria of diabetes insipidus. Since 
that time much evidence has accumulated 
which clearly shows that the posterior lobe 
contains a very potent antidiuretic sub- 
stance, which does not diffuse into it from 
either the anterior lobe or the pars inter- 
media, but which is peculiar to itself. 
There are many observations confirming 
this and I will not go into them further, 
but will accept that the antidiuretic sub- 
stance exists in the pars nervosa and is 
active in such small amounts that we are 
justified in starting with the hypothesis 
that it is a hormone. 

When is it released? We can begin our 
inquiry by considering those conditions in 
which the rate of urine flow is altered and 
seeing whether the pars nervosa is involved. 
I have already mentioned the fact that 
the polyuria of diabetes insipidus can be 
reduced by injections of posterior lobe 
extract. This has been confirmed on 
innumerable occasions and with few ex 
ceptions. It is also well known that 
destruction of the pars nervosa by disease 
or experimentally results in diabetes 
insipidus. In 1926 Verney made some 
striking observations on the water excre- 
tion of the isolated kidney perfused by 
the heart-lung preparation. Isolated per- 
fused kidneys develop a polyuria which 1s 
very like that of diabetes insipidus. Into 
the perfusion circuit of such a preparation 
with established polyuria Verney included 
in series an isolated head. He noticed 
that in a short space of time after the 
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inclusion of the head in the circulation 
the rate of urine flow from the kidney 
decreased and the urine became more 
concentrated. Evidently an antidiuretic 
substance had entered the circulation from 
the head. Control experiments showed 
that no antidiuretic substance was ex- 
tracted from other organs. He then 
repeated his experiments using a head 
from which the posterior lobe had first 
been removed. Now the isolated kidney 
suffered no restraint and the polyuria 

rsisted. Here was conclusive evidence 
that in passing through the pars nervosa 
the blood picked up an antidiuretic sub- 
stance in amounts sufficient to reduce a 
considerable polyuria. 

Fisher, Ingram and Ranson (1938) 
published a monograph giving beautiful 
proof that in cats and monkeys posterior 
lobe function depended on the integrity 
of the whole supraoptico-posterior lobe 
system, and that if enough of any part of 
this system was destroyed diabetes in- 
sipidus followed. From their work and 
that of others it came to be fairly generally 
accepted that the posterior lobe and the 
supraoptic nuclei must be considered a 
single functional unit. More recently 
G. W. Harris (1947, 1948) worked out an 
ingenious method by which he can apply 
exact and controlled stimulation to various 
sites in the hypothalamus and pituitary in 
conscious animals. He has shown that 
the hormones of the posterior lobe are re- 
leased only when the stimulus is applied to 
the supraoptic neurones, either cell body 
or fibre, or to the posterior lobe. If the 
tip of the stimulating electrode is at some 
other site even near by, there is no sign of 
release of hormones. 

Tackling the problem from rather a 
different angle, Gilman and Goodman 
(1937) estimated the amount of anti- 
diuretic hormone excreted in the urine 
under different circumstances. They 
found that in diabetes insipidus or in the 
water diuresis of normal people none of 
the hormone could be found in the urine, 
whereas in dehydration or after the admin- 
istration of concentrated NaCl solutions 
there was a high concentration. Their 
evidence is good and is supported by that 
of other workers, but it is not conclusive 

use antidiuretic substances of other 

N pituitary origin can be found in the 
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urine. There is some indirect evidence 
that a decrease in the circulating posterior 
lobe hormone occurs in water diuresis 
(Pickford, 1936). If, during the course 
of a water diuresis minute amounts of 
posterior lobe extract are injected in- 
travenously it is found that the substance 
is more effective late in diuresis than at 
its height. We may picture that an in- 
crease in the water load normally causes a 
reduction in the amount of antidiuretic 
agent released into the circulation. The 
injection at such a time of posterior lobe 
extract will lead to an inhibition of diuresis 
only if it is administered in amounts suffi- 
cient to bring the blood concentration up 
to an active level. At low water loads 
some of the natural hormone will already 
be in the blood and so the injection of ex- 
tract will have a more profound effect than 
will the same dose given when no anti- 
diuretic hormone is circulating. Thus 
hypothesis and observed fact agree. 

We are all aware that our ‘state of 
nerves’ as it is called causes diuresis or 
antidiuresis according to circumstances. 
I will leave aside the question of diuresis 
and try to suggest by what means the 
central nervous system lessens the excre- 
tion of water. It has for a long time been 
recognised that brief vigorous exercise 
inhibits the urine flow. Verney and some 
of his co-workers examined this further. 
If dogs are briefly exercised during water 
diuresis there is a marked inhibition 
lasting an appreciable time and this is 
seen even after previous careful renal de- 
nervation (Klisiecki, Pickford, Rothschild 
and Verney, 1933). It would seem there- 
fore, that the inhibition must be of hor- 
monal origin. Rydin and Verney (1938) 
found that if the same dog was exercised 
regularly during water diuresis the inhibi- 
tion faded out, but would reappear if a 
fire-rattle was sounded or some other un- 
pleasant noise was made, that is, if a purely 
emotional stimulus was applied. The 
inhibitions due to emotion and exercise 
looked exactly alike and could moreover, 
be matched by carefully chosen small 
intravenous doses of posterior lobe extract. 
Finally, O’Connor and Verney (1942) 
found that the inhibition resulting from 
exercise was almost entirely suppressed in 
any dog whose posterior lobe had been 
removed. The conclusion is, then, that 


Body Water 


it was excitement rather than exercise 
itself which caused the inhibition of the 
urine flow, and the emotion was made 
effective by nerve impulses reaching the 
pars nervosa from which the antidiuretic 
hormone was released. ‘There are cer- 
tainly other means by which urine flow 
may be decreased, such as adrenaline, 
constriction of renal blood vessels, and so 
on, but these types of inhibition have their 
own characteristics, and just as certainly 
the pituitary inhibition is very important 
and is frequently evoked. 

It is reasonable to suppose that the 
excretion of water by the kidney is ulti- 
mately dependent on the concentration of 
water in'the tissues and blood. The organ 
that produces an antidiuretic substance 
will receive its stimulus either through 
nerves or from the blood. We know 
nothing about specific water controlling 
reflexes, even supposing that such exist. 
The question of blood concentration is 
rather an easier problem and Priestley 
(1915, 1921), Margaria (1930), Smirk 
(1932) and Heller and Smirk (1932) and 
others have demonstrated changes in the 
electrical conductivity and water concen- 
tration of the blood after the ingestion of 
water. Recently Verney (1946, 1947) 
has done some more work on the problem. 
He used trained conscious dogs with 
carotid loops, that is, the common carotid 
had been brought to the surface and en- 
closed in a sleeve of skin so that injections 
could be made directly into it. As I 
know from personal experience, after the 
first or second time, the technique of in- 
jection does not appear to disturb the dog 
inany way. Verney increased the osmotic 
pressure of the arterial plasma reaching 
the central nervous system by giving intra- 
carotid injections of hypertonic NaCl or 
sucrose solution. He found that either 
short or long infusions of these substances 
led to an inhibition of the rate of urine 
flow, but only if the pars nervosa was 
intact. Injections of NaCl isotonic with 
plasma were always without effect. These 
results can be taken to mean that the 
receptors sensitive to osmotic pressure 
changes of the plasma lie in the area sup- 
plied by the common carotid artery. 
Taking the work a stage further Verney 
found that injections into the common 
carotid artery were made ineffective if at 
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a previous operation the internal carotid : 


artery on that side had been ligated 
Thus, by exclusion, the receptors must lie 
in the bed of the internal carotid artery, 
Judging by observations based on the 
injections of dyes, the internal caro. 
tid artery supplies the anterior half of 
the central nervous system including the 
hypothalamus and pituitary, whilst the 
blood supply of the posterior part coms 
mainly from the vertebral arteries. Theg 
facts suggest that the ‘ osmoreceptors’ 
as Verney calls them, lie in the anterior 
part of the central nervous system. 8 
some path they must be linked with the 
hypothalamus and the pars nervosa, 
Now a few people believe that the posterior 
lobe is a sensory rather than a secretory 
organ, the reverse of the more usual belief. 
In this connection Verney has chanced 
on an interesting observation which he 
has communicated to the Physiological 
Society but which has not yet been pub- 
lished. In a dog whose internal carotid 
had been ligated there was, as usual, no 
inhibitory response to the injection of 
hypertonic saline solution into the com- 
mon carotid of that side. Later he in- 
jected a dye into the same common 
carotid and examined the brain to discover 
the path of the blood from that side. He 
found that the dye had not reached 
the hypothalamus, but had _ thoroughly 
stained the posterior lobe, reaching it by 
an anastomotic branch from the internal 
maxillary artery. So there was strong 
presumptive evidence that the concen- 
trated NaCl originally injected 
reached the posterior lobe, but had never- 
theless induced no antidiuretic response. 
In other words, the osmoreceptors are 
not in the pituitary itself and the posterior 
lobe is therefore not the sensory part of 
this system. Lastly, by a comparison of 
the effect of NaCl before and after tying 
off both the internal carotid and occipital 
arteries on one side Verney has shown that 
the osmoreceptors, whatever they may be, 


lie in the region of the anterior hypo } 


thalamus, i.e. very close to the pars 
nervosa system. 

At this stage the picture appears thus. 
The pars nervosa, i.e. both the hypo 
thalamus and pituitary parts of the system, 
produce an antidiuretic hormone. _ In the 
absence of this hormone a large volume of 
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low specific gravity urine is formed as in 
diabetes insipidus. In normal people 
during moderate or severe dehydration 
less or more of the hormone is released 
into the circulation and helps to conserve 
the water supply of the body. Under the 
influence of the hormone the kidney 
secretes a low volume high specific gravity 
urine. When the normal person increases 
his load of body water less antidiuretic 
hormone is set free and consequently the 
volume of urine increases and the excess 
water is removed. Variations in pars 
nervosa activity are induced by changes 
in arterial plasma osmotic pressure acting 
on receptors lying in the anterior hypo- 
thalamus. ‘These receptors transmit the 
stimulus via the supraoptic neurones to 
the secretory elements. I am purposely 
avoiding discussion as to what are the 
secretory elements. 

I have mentioned that emotion has 
a marked effect on the rate of urine flow. 
It is of practical and theoretical interest to 
consider how the central nervous stimula- 
tion reaches the pars nervosa. Practical, 
because water metabolism can be pro- 
foundly disturbed when no obvious physi- 
cal reason can be found for it. Sometimes 
psychotherapy cures this sort of condition, 
sometimes not. In the latter case it may 
be that there is a biochemical abnormality 
ofsome of the nerve cells. It is of theoreti- 
cal interest because the supraoptic nuclei 
consist of compact masses of cells near the 
basal surface of the brain where they are 
reasonably accessible, and one therefore 
has opportunity to study the transmission 
of nerve impulses in the central nervous 
system. I must say here that the supra- 
optic cells are perhaps not quite ordinary 
nerve cells so that one cannot jump to the 
conclusion that other nerve cells will 
inevitably behave in the same way. Now 
acetylcholine (ACh) is intimately linked 
with the process of impulse transmission 
in the peripheral nervous system and in 
ganglia, and possibly it is similarly con- 
cerned in passing nerve impulses to the 
supraoptic neurones from others whose 
fibres end on them. As an indicator of 
the state of activity of the supraoptic cells 
we can observe the rate of urine flow and 
se of it is decreased under certain con- 
trolled conditions. If so, it suggests, as 
one possibility, that antidiuretic hormone 
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has been released in increased amounts. 
The intravenous injection of ACh into a 
conscious dog during water diuresis leads 
to a decreased outflow of urine for a period 
of 10-30 minutes or more according to 
the dose used. This inhibition is not 
seen if at a previous operation the dog has 
been made diabetic by section of the nerve 
fibres running from the supraoptic cells 
to the posterior lobe (Pickford, 1939). 
Further, ACh injected directly into the 
supraoptic nuclei has an antidiuretic 
effect, but is again without action if the 
posterior lobe has first been removed 
(Pickford, 1947). Other methods of in- 
vestigation can be used. By injecting 
amongst the supraoptic cells one of the 
powerful anticholinesterases now available, 
one can make the cells insensitive to ACh 
without making them insensitive to certain 
other stimuli (Duke, Pickford and Watt, 
1950), in other words, one can be sure 
that the antidiuretic hormone can be 
released, though the system is temporarily 
somewhat disorganised. After an anti- 
cholinesterase such as di-isopropylfluoro- 
phosphonate (DFP) there is a period of 
several weeks during which neither ACh 
nor the emotional stimulus of a disagree- 
able noise causes antidiuresis, though 
antidiuresis does follow the injection of a 
small quantity of morphine, a substance 
which is known to release the antidiuretic 
hormone (de Bodo, 1944, Duke, Pickford 
and Watt, 1951). Thus the natural im- 
pulse initiated by emotion and the ACh 
induced stimulus behave similarly and 
cannot release the hormone in the presence 
of DFP, which suggests again that ACh 
may well be the normal transmitter of the 
nerve impulse at that site. This agrees 
with the findings of Feldberg and Vogt 
(1948) on the distribution in the central 
nervous system of those enzymes which 
assist in the formation of ACh. There is 
another type of observation which fits in 
with this idea. Also exactly 50 years ago 
Langley (1901) published his paper show- 
ing conclusively that nicotine stimulates 
ganglion cells, not their fibres or other 
fibres ending in that area. We now know 
that there is a close link between the effects 
of nicotine and ACh, and that if the latter 
is normally produced at any site small 
doses of nicotine should be a stimulus at 
that site. Burn, Truelove and Burn (1945) 
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have shown this to be the case for the 
release of the antidiuretic hormone. The 
intravenous injection of nicotine, or smok- 
ing with inhalation, which results in the 
absorption of a fair amount of nicotine, 
has an antidiuretic effect in man and 
animals. They have shown that in the 
latter there is no antidiuretic effect if the 
pars nervosa has first been removed. 
These observations strengthen the prob- 
ability that ACh is the transmitter of 
impulses to the supraoptic neurones. 

The observations on nicotine have 
already been put to practical use by Lewis 
and Chalmers (1951) at the Middlesex 
Hospital to determine in cases of polyuria 
whether the disorder depends on _ the 
degeneration of the pars nervosa system 
or whether the trouble must be sought 
elsewhere. If a patient responds to 
nicotine by antidiuresis then the secreting 
power of the posterior lobe is not lost. 
If nicotine does not cause antidiuresis then 
it is reasonable to suppose that the pars 
nervosa is inactive. 

We can now add a few more touches to 
the picture. The antidiuretic hormone 
is not only released or withheld in response 
to changes in the water concentration of 
the blood, but also to a variety of stimuli 
that may arise in the central nervous 
system itself as the result of almost any 
emotion, and also in response to certain 
drugs when they reach the hypothalamus. 
It is evident that some drugs can stimulate 
when the normal internal stimulus is 
blocked. The normal nerve impulses are 
almost certainly transmitted by ACh. 
We can see that the picture is still far 
from complete, but is clear enough to 
indicate that the antidiuretic hormone is 
of great importance in the fine adjustment 
of the excretion of water by the kidneys. 

I have not had time, as I had hoped, to 
say anything about the complications 
introduced by the emotional release of 
adrenaline, how it sometimes increases 
and sometimes decreases the release of 
the antidiuretic hormone. Nor has there 
been time to discuss objections raised 
against the point of view expressed here. 
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THE ROLE OF THE KIDNEY IN THE CONTROL 
OF Bopy WATER 


by 
Dr. J. A. Barclay 


Tuat the output of water by the kidney is 
subject to considerable variations is known 
to us all. The relationship between 4 
high intake of water and a diuresis must 
have been noticed, one imagines, early in 
man’s history. Doubtless, too, the inverse 
relationship between urine output and ex 
ternal temperature was noticed. Certainly 
troops posted to the hotter climes notice 
the relation. Although fall of urine 
volume is ultimately due to loss of water 
by sweat, the inhibition of urine flow 
occurs before there is any real loss of wate! 
by this route. A rise of external tempera 
ture in some way controls the kidney # 
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that it starts meeting a situation which has 
not yet arisen, i.e. dehydration. Apart 
from these two obvious influences on 


urine flow, namely intake of fluid and 


temperature, other and more subtle ones 
arepresent. It can be shown for example, 
that urine flow varies in 4 cycles per day, 
or if we take a complete menstrual cycle 
the water output rises from the fourth to 
the twelfth day, and falls to reach its 
lowest at the sixteenth day and then rises 
toa peak on the twentieth, with a subse- 
quent fall. In both these cases we are 
presumably dealing with some interplay 
ofhormones. If we look at the other side 
of the picture we can show that most 
small increases of weight are due to re- 
tention of water and that accompanying 
this retention of water there is a retention 
of sodium. Perhaps it would be more 
correct to say that when sodium is retained 
water is retained along with it ; fluctua- 
tion of body weight, therefore, represents 
fluctuation of excretion of sodium by the 
kidney. The kidney has, however, little 
difficulty in excreting sodium, and varia- 
tions in weight from day to day are not 
striking; in congestive heart failure the 
excretion of sodium becomes difficult, 
and sodium, and with it water, accumu- 
lates in the body and so give rise to oedema. 
A study of how the kidney handles 
electroyles and more particularly sodium 
should enable us to determine how it helps 
tocontrol body water. 

The kidney is composed to some two 
million nephrons and basically these con- 
sist of a glomerulus, a proximal and a 
distal tubule. The quickest way of de- 
termining what happens would be to 
insert pipettes at various parts of the 
nephron, draw off a sample of fluid, 
analyse it and so determine what goes on 
as fluid passes down the nephron. Al- 
though this may seem to be the most direct 
way it is by no means easy and it was at 
first found possible only in the frog. 
However, with improved technique re- 
y sults have been obtained from one or two 
mammalian species. The fluid removed 
from the glomerulus has the same chemical 
composition as blood plasma minus the 
plasma protein, which leads us to believe 
that the process occurring here is one of 
filtration. As the fluid passes down the 
Proximal tubule water disappears, as 
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judged by what happens to those sub- 
stances which we believe cannot be re- 
absorbed by the proximal tubule. By the 
end of the proximal tubule 80 per cent. 
of the water filtered has disappeared ; the 
fluid remaining, however, is still isomotic 
with plasma, and therefore the fluid re- 
absorbed must be isomotic although not 
necessarily of the same composition as 
plasma. Conway does not think that the 
figures produced to support this hypo- 
thesis have any statistical significance, but 
we will, at any rate for the moment, 
accept them at their face value. In the 
distal tubule a further moiety of water is 
withdrawn to give the final concentrated 
urine. There are many technical diffi- 
culties in the direct approach to the 
nephron ; one is not certain, for instance, 
that drawing off fluid may not influence 
the processes being studied. Other 
methods of approach are therefore used. 
If one could find a substance which was 
not reabsorbed by the tubule, it would 
be possible to measure filtration rate, i.e. 
the rate at which water is crossing the 
glomerulus. Such a substance would also 
allow us to measure the rate at which 
solutions are reabsorbed, since if they ap- 
pear in the urine in lesser amounts they 
must have been reabsorbed. Various 
substances have been proposed for this 
purpose: insulin, thiosulphate ;  crea- 
tinin ; allantoin. They show that water 
is filtered at a rate of some 100-120 c.c. a 
minute. The volume of urine excreted 
varies between 0-5 c.c. and 20 c.c. a minute 
and it is difficult to force it above this 
figure. We can thus divide water re- 
absorption into two parts, an obligatory 
which must go back into the circulation 
and a facultative which can be varied, 
and it is only a step to the further sugges- 
tion that of the obligatory some 70 to 80 
per cent. goes back in the proximal 
tubule. A point of interest is what effect 
has an increase of filtration rate on the 
rate of excretion of salts and water. In 
certain species a relationship of sorts can 
be shown between filtration rate and water 
excretion, and this may be true for the 
infant, but for adult man the evidence is 
on the whole against a relationship be- 
tween filtration rate and urine flow, al- 
though if the extremes are included there 
does appear to be a diminution at low 
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flows and a rise at really high flows. 
Either, therefore, any increase of filtration 
rate is met by an increased reabsorption 
in the proximal tubule, or possibly, a 
continuation of the 80 per cent. reabsorp- 
tion, and the variations of distal tubule 
reabsorption cover up any relationship. 
Where salts are concerned a relationship 
between glomerular filtration rate (G.F.R.) 
and salt reabsorption can readily beshown, 
when G.F.R. falls, at any rate markedly, 
the salts also show a fall. It would appear 
to be a simple step to work out whether 
this is a change in absolute amounts of 
sodium reabsorbed or in the amount re- 
absorbed per 100 c.c. G.F.R. This last 
was thought to be the case because no 
matter how filtration rate varied, reab- 
sorption per 100 c.c. G.F.R. remained 
constant, which would be strong evidence 
in favour of a constant proportion of 
filtrate going back, carrying the salts with 
it. In fact it was quickly realised that 
when excretion of a substance is very low, 
attempts to calculate reabsorption per 
100 c.c. G.F.R. only give the plasma level 
of the substance. The adreno-cortico- 
trophic hormone of the pituitary gland 
raises filtration rate but reduces sodium 
excretion. Adrenal cortical failure re- 
duces filtration rate but increases sodium 
excretion. Thus we cannot, at the mo- 
ment, say definitely whether sodium is 
reabsorbed proximally and distally or 
only proximally, nor are we given any real 
guide as to the relationship with filtration 
rate or with water. One can only say 
then that a fall of filtration rate leads to 
a fall in sodium excretion and that there 
must be some common factor which need 
not be the fall of filtration rate, but might 
be the fall in blood flow which always 
accompanies a marked fall in G.F.R. In 
congestive heart failure there is a fall in 
sodium excretion. It has been urged that 
this is due to the fall of filtration rate, but 
there is no general agreement that filtra- 
tion always falls in this condition. Again 
it is suggested that raised venous pressure 
or ischemia may be responsible, but here 
too there is no agreement that these 
factors always affect sodium excretion. 
Exercise leads to a pronounced and long 
lasting fall in the excretion of Na, K and 
Cl, and although it is true that filtration 
rate does fall in exercise this fall is short 


lived. The connection between filtratio, 
rate and salt excretion is therefore in th 


same position as the connection with water, 

The behaviour of salt excretion in exerci! 
does however require some revision of oy) 
views on how the kidney ‘ assembles’) 


urine. In a diuresis, as volume of urin 
(V) goes up so the concentration of salts 
(U) goes down, but the product UV re. 
mains constant. This is supported by 
inhibiting a water diuresis by pituitrin: 
V falls and U rises, UV remaining con. 
stant. In exercise, though V goes down, 
U also goes down. The first observation 
on water and pituitrin relationships would 
lead to the belief that water reabsorption 
was the last process in the ‘ assembly’ of 
urine. The effects of exercise are difficult 
to explain on any simple basis of reab. 
sorption, since its effect is much more 
marked on U than V. There are two 
possibilities, the first that there can bea 
final process of solute reabsorption which 
is facultative and occurs in both exercise 
and heart failure, or perhaps that water 
is excreted by the tubules, this water 
carrying with it a varying amount o 
salts, in exercise practically none. That 
water has been secreted has recently been 
urged by some American investigators. 
This change of viewpoint has been a 
gradual development from the proof that 
the kidney could secrete substances of a 
fairly varied chemical nature, but almost 
all of them foreign to the body, to estab- 
lishing that, at any rate under certain 
circumstances, it could secrete potassium. 


Having established that normal con) 


stituents of the body can be secreted, there 


is less difficulty in considering secretion! 


for other substances. 


It can be shown that potassium may bt/ 
excreted in the urine at rates which malt) 
it certain that it is being secreted. Its} 


possible to show that in the process o 


secretion potassium may be exchanged) 


for sodium at any rate when foreign anion 
are used. Adrenal cortical hormone 


increase excretion of potassium and dimin-} 


ish that of sodium, and this suggests onct 
more an exchange mechanism. ‘There! 
another exchange mechanism _ involving 
sodium, the carbonic anhydrase of tht 
kidney producing HCO, which is & 
changed against sodium when high urinay 
acidities are present. It is possible b 
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isoning the carbonic anhydrase with 
sulpha drugs to increase the output of 
sodium in the urine. Incidentally we 
believe that the process of acid regulation 
occurs in the distal tubule so that this is 
evidence for some sodium reaching the 
distal tubule from the proximal. 

It would seem that we must abandon the 
simple theory that salts are filtered and 
reabsorbed in varying amounts. It is 
reasonably certain that we have filtration 
at the glomerulus and some reabsorption 
in the proximal tubule. If the latter is, 
as Conway suggests, impermeable to 
sodium, then it is unlikely that there is any 
great reabsorption of water, especially in 
the presence of unreabsorbed sodium. 
However, some of the sodium, we have 
seen, is exchanged here for potassium, so 
impermeability cannot be complete. In 
the distal tubule there must be a section, 
if we have the correct dimensions for 
filtration rate, where there is a large re- 
absorption of sodium and water. Then 
there must finally be a region in which 
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further exchange of cations occurs and, as 
suggested earlier, this may be bound up 
with secretion of water. 

The picture appears unsatisfactory, but 
we are making progress. The kidney 
works to far finer limits than the instru- 
ments we have for measuring its perform- 
ance. It is true that the advent of the 
flame photometer enables us to measure 
sodium and potassium to within | per cent. 
Against this put the fact that an increase 
of | per cent. of the filtered sodium corre- 
sponds to an extra loss of 15 gm. of salt 
per day ; or put another way, the renal 
tubules maintain salt and water balance 
by retention or rejection of quantities 
which represent less than one-tenth of | 
per cent. of the filtered load of these two 
substances. It is evident that a method 
of measuring filtration rate to an accuracy 
of better than | per cent. is an immediate 
requirement, and that more information 
is required about the permeability of 
various parts of the nephron to the water 
and the solutes of the urine. 
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THE DEVELOPMENT OF TAXONOMY 
SINCE 1851’ 


by 


J. S. L. GILMOUR 


UNDERLYING every human activity is a set 
of basic assumptions which, more or less 
unconsciously, inspires, and makes sense 
of, that activity, and any change in these 
assumptions profoundly affects the carry- 
ing out of the activity. For example, 
life in the eighteenth century was based 
on the assumption—so generally accepted 
that it was rarely mentioned—that the 
then existing relationship of the social 
classes was fixed for all time. How a 
change in this assumption towards the 
end of the century has affected every 
subsequent human activity is a matter of 
history. 

It is strange that the particular human 
activity known as biological classification 
has been comparatively little considered 
from this point of view, and I wish, there- 
fore, to try to examine what basic assump- 
tions have underlain biological classifica- 
tion during the last hundred years, how 
any changes in them have affected the 
practice of taxonomy, and, lastly, what 
changes, with their accompanying effects, 
may be expected in future. 

The early 1850’s as a starting-point are 
appropriate not only because of the cen- 
tenary aspect of the British Association’s 
Meeting in Edinburgh but also because 
they have an intrinsic importance as 
the culminating point of pre-Darwinian 
taxonomy, when the Natural System had 
triumphed completely over the Linnean. 
What basic assumptions, then, were held 
by taxonomists at this period ? What, to 
put it crudely, did men like John Lindley 
and William Hooker have at the back of 
their minds when descriptions of new 
species, genera or families flowed from 
their pens ? 

A good answer to this question can be 


? Paper read to Section K (Botany) at Edinburgh, 
August 14, 1951. 


obtained by studying the writings of the 
philosophically minded John Lindley, 
notably in the Preface to his Natural 
System of Botany (1836) and the Introduc. 
tion to his Vegetable Kingdom (1847), though 
Lindley was ahead of his time in some 
of his ideas. A careful reading of these 
sources enables us to summarise his views 
somewhat as follows. Lindley’s basic 
concept was that of Natural Affinity. He 
looked upon classification as a process of 
discovering such affinity between different 
species, the degree of affinity being 
measured by the degree of general re- 
semblance. The concept of affinity itself 
is nowhere specifically defined, but it is 
clear, I think, that Lindley did not regard 
it as identical with degree of general 
resemblance, but rather as something dis- 
tinct which was indicated by resemblance. 
In so far as Lindley did attempt to charac- 
terise further the concept of affinity he 
linked it with the commonly held belief 
in the existence of a plan of creation laid 
down, once and for all, by a Creator, and 
he regarded affinity between species as, 
in some way, an expression of such a plan. 
He was, however, not altogether whole- 
hearted in his support of this view. ‘We 
must suppose,’ he writes, ‘ that one plan 
only has been observed in the creation of 
living things, and that a natural system is 
the expression of that plan.’ Immediately 
afterwards, however, he qualifies this by 
adding that ‘ it must not be forgotten that 
such a plan may be represented in many 
ways.’ This gave scope for hisstrongly held 


conviction that, above the rank of species, | 


which he regarded, of course, as fixed and 
unchanging, taxonomic categories are man- 
made, and that it is quite impossible for 
us ever to construct one universally agreed 
natural classification, not only because 
of our varying degree of skill in the 
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recognition of affinity, but also because 
species are connected in, so to speak, many 
diferent planes, thus making it impossible 
to represent their relationship in a single, 
one-dimensional scheme. 

We can take it, I think, that Lindley’s 
concept of natural affinity, more or less 
modified as regards emphasis, was the 
generally accepted assumption underlying 
biological classification immediately before 
Darwin, in 1859, put forward his theory 
of evolution based on natural selection. 
Before considering the effects of Darwin’s 
work, I would like to point out that the 
natural affinity concept inevitably placed 
biological classification in a_ category 
somewhat apart from the classification of 
non-living things and that there was very 
little attempt at that time, by biologists, 
to consider what common principles, if 
any, there might be between the classi- 
fication of, say, books on the one hand and 
buttercups on the other. 

As is well known, the acceptance of 
evolution led Darwin himself, and taxomo- 
mists in general, to give a new meaning to 
natural affinity. 

Lindley’s rather vague and mystical 
concept was re-interpreted in evolutionary 
terms, and identified with what was various- 
ly described as genealogical relationship, 
phylogenetic relationship, true relation- 
ship or even simply relationship. Darwin, 
himself, for example, in the famous 14th 
Chapter of the Origin of Species, laid down 
that all true classification is genealogical 
and that ‘community of descent is the 
hidden book which naturalists have been 
unconsciously seeking,’ and the majority of 
later taxonomists have taken the same view. 
George Bentham, for example, in his 
address to the British Association, at the 
meeting in 1874, on The Recent Progress and 
Present State of Systematic Botany, expounds 
it at length, and most modern text-books 
echo the same interpretation. Dr. Swingle, 
for example, in his Textbook of Systematic 
Botany (1946) writes: ‘The cdeal classi- 
fication . . . must show actual phylo- 
genetic relationships’ ; and many other 
similar expressions of this view could be 
quoted. 

Interrupting and disturbing, however, 
this stream of doctrine flowing from the 
Origin of Species, there have been an 
increasing number of rocks and islets of 
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opinion which have criticised, in one 
way or another, the simple identification 
of Lindley’s natural affinity with post- 
Darwinian relationship. Such criticism 
has not, of course, been directed for one 
moment against either the fact that evolu- 
tion has taken place, or that genealogical 
relationship is clearly one of the prime 
factors causing similarity between living 
organisms. The criticism, rather, has 
been directed against the over facile 
picture that has been built up of the 
existence of one single, vast phylogenetic 
tree of living organisms, analogous with a 
genealogical family tree of individuals, 
and against the view that the prime and 
ultimate aim of taxonomy is to discover 
and embody this tree in one ideal system 
of biological classification. Many botanists 
and zoologists have shared in this critical 
attack, but I have time to mention only 
F. A. Bather’s masterly analysis in his 
address to the Geological Society of 
London in 1927 on ‘ Biological Classi- 
fication, Past and Future,’ and W. B. 
Turrill’s comprehensive survey in Botanical 
Reviews for 1942. 

Further, those who took part in the 
Systematic Association’s discussions just 
before the War on this subject will not 
easily forget the argument put forward on 
both sides, nor the heat they engendered, 
and this year (1951) at Leeds the battle 
was joined once again under the auspices 
of the same Association (see Nature, 167, 
503; 1951). 

What, then, has been the substance of 
these criticisms ? Broadly speaking, they 
have emphasised the extreme complexity 
of evolutionary change, the impossibility 
of extracting from the welter of actual 
evolutionary history (including  poly- 
phyletic origins in both time and space) 
any single, simple factor that can be 
called genealogical or phylogenetic rela- 
tionship, and the folly, even if such a factor 
could be isolated, of regarding morpholo- 
gical resemblance as an exact index of it. 

There is no doubt, to my mind, that 
such criticism is amply justified, but I 
would like to suggest that it has somewhat 
misfired owing to the lack of any positive 
proposal put forward as an alternative 
to the admittedly very attractive and 
simple picture of one ideal classification 
based on ‘ true genealogical relationship.’ 
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To understand the reason for this lack 
of alternative we must go back, for a 
moment, to Lindley and the pre-Dar- 
winian taxonomists. As I have said, their 
concept of natural affinity, expressing the 
plan of a Creator, lifted biological classi- 
fication right out of the realm of the 
classification of non-living things, and the 
Darwinian reinterpretation has, of course, 
further emphasised this separation. The 
fact is, however, that biologists have 
almost completely ignored, or dismissed as 
irrelevant, the fundamental principles of 
classification which apply to all objects, 
whether living or dead, and which have 
been discussed and rediscussed by philo- 
sophers from the time of the Greeks until 
the present day. This isolation of bio- 
logical from general classification has, in 
my view, been fatal to a proper apprecia- 
tion of the aims and methods of taxonomy 
and is largely responsible for the confusion 
that exists today. 

These general principles may be studied 
in many text-books of philosophy and 
scientific method. Perhaps the most satis- 
factory for our purpose is The Principles of 
Science by W. S. Jevons, first published in 
1874. From this and other sources the 
following highly simplified principles may 
be extracted :— 

(1) Classification is a fundamental pre- 
requisite of all human conceptual thought, 
whatever the subject material of that 
thought. Thus, as soon as we call an 
object ‘ hot,’ we are creating a class of hot 
things and assigning the object to that 
class. 

(2) The primary function of classifica- 
tion is to construct classes about which we 
can make inductive generalisations. Thus, 
having constructed the class of hot things, 
we construct a further class of ‘ things that 
hurt,’ and, based on experience, we can 
make the inductive generalisation that hot 
things hurt. 

(3) The particular classes we construct 
always arise in connection with a particular 
purpose. The class of ‘ things that hurt ’ 
clearly springs from a purpose universally 
important to human beings—the avoid- 
ance of suffering; the class of, say, 
‘Botanists whose fathers had beards’ 
does not, and hence has not, as far as 
I know, been constructed before this 
moment. 
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(4) The classification that we adopt for 
any set of objects depends on the par. 
ticular field in which we wish to make 
inductive generalisations. Different fields 
of generalisation call for different classi. 
fications. Thus, if we wish to investigate 
the connection between female authorship 
and murder stories we would make quite 
a different classification of books from 
that required for generalisations about, 
say, American publishers and _ limited 
editions. 

(5) Clearly some classifications are of 
more general use than others. Thus a 
classification of books, based on subject- 
matter, into such classes as dictionaries, 
novels, biographies, etc., is of wider use 
than one based on the colours of bindings, 
The reason for this is that the basis of the 
first classification, namely the contents of 
the book as conceived by the author, 
affects more of its characteristics than 
does the basis of the second classification, 
namely the colour of the book as conceived 
by, presumably, the publisher. In short, 
subject-matter has a stronger influence on 
the total characteristics of books than has 
binding design. In the general theory of 
classification, classifications which serve a 
large number of purposes are called 
natural, while those serving a more limited 
number of purposes are termed artificial. 

(6) It is clear from the above that there 
cannot be one ideal and absolute scheme 
of classification for any particular set of 
objects, but that there must always be a 
number of classifications, differing in 
their basis according to the purpose for 
which they have been constructed. One 
classification may, of course, be more 
natural than another in the sense defined 
above, and if there is one factor influencing 
a group of objects more powerfully than 
any other, then a classification based on 
that factor will be more natural—that is 
to say useful for a greater number of 
generalisations—than any other ; but the 
difference between this and other classi- 
fications is one of degree only, and not of 
kind. In the classification of books, for 
example, an arrangement based on subject- 
matter is probably more natural than any 
other, but one based on authorship must 
run it fairly close, bringing in, as it does, 
the factors of date and style, as well as, to 
some extent, that of subject-matter. 
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+ Its relevance is, I suggest, twofold. 
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relevance. 
that we have abandoned as chimaerical 


The view just outlined of the general 
nature and function of classification as a 
basic process in the making of inductive 
generalisations is the one generally accepted 
by students of scientific method. What is 
its relevance to biological classification? 
In the 
first place, it can perhaps help us to under- 
stand more clearly the history of taxonomy, 
its aims and its methods, during the last 
hundred years ; and, secondly, it can lead 
toa view of the aims of taxonomy more 


jn line than at present with modern 


philosophical thought in general and more 
useful in solving some of the problems now 
confronting taxonomists—notably those 
problems concerned with the incorpora- 
tion of recent data from experimental taxo- 
nomy into suitable taxonomic categories. 
As regards history, we can see how a 
failure to appreciate the general principles 
of classification, and to apply them to 
living things, has led biologists to seek 
other aims for taxonomy in order to fill the 
vacuum created. The form which these 
aims have taken, namely the construction 
of one ideal classification based, at first, on 
natural affinity and, later, on true relation- 
ship, is a particularly attractive one to 
the human mind. It has the comforting 
qualities of all ‘ Absolutes,’ and the concept 
of true relationship undoubtedly bears, 
emotionally, a strong family resemblance 
to the concepts of Beauty in aesthetics and 
Recently there has 
been a strong element in philosophical 
thought tending to examine critically 
these absolute concepts in aesthetics and 
ethics, and I suggest that the time has 
come for the same healthy breeze to be 
directed towards the concept of true 


telationships in taxonomy. 


This brings us to our second point of 
Let us suppose, for a moment, 


the aim of constructing one ideal classi- 
fication of living things based on true 
relationship. What aim, grounded in the 
general principles of classification, can we 
put it in its place, and how would such an 
aim help us to solve present problems in 
taxonomic practice ? 

Clearly, the primary aim of taxonomy, 


on this basis, must be the construction 


of classes of living things about which 
“lentifically useful inductive generalisa- 
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tions can be made. Further, there must 
be a number of different classifications, 
each based on different characters, and 
each equally valid for its own purpose. 

It is true that there will be one general- 
purpose classification, more natural than 
others, in the sense that more inductive 
generalisations can be made about its 
classes—and this general-purpose classi- 
fication is, of course, the normal taxonomic 
arrangement into species, genera, families, 
and so on. This classification should not, 
however, be regarded as an approximation 
towards a single, ideal scheme, but as 
a permanently flexible arrangement, 
changing as new knowledge is acquired 
and incorporated in it. It can be called 
phylogenetic only in a secondary sense, 
namely, that the reason why a particularly 
natural biological classification can be 
made at all is the paramount influence 
of heredity on the characters of living 
things—and, further phylogenetic specu- 
lations can, of course, be made regarding 
the origin and development of its groups ; 
but both these considerations are very 
different from regarding a natural classi- 
fication as essentially phylogenetic. 

It may well be asked what difference it 
makes in practice whether we regard a 
natural classification of living things as 
‘ logically ’ natural or ‘ phylogenetically ’ 
natural. Is this not just splitting hairs, 
with no practical result? I do not be- 
lieve that this will prove to be the case. 
I believe it is possible that, if we can once 
and for all lay the bogey of the existence of 
true relationship and realise that there are 
many kinds of relationship—genealogical 
relationship, morphological relationship, 
cytological relationship, and so on—we 
shall release ourselves from the bondage 
of the Absolute in taxonomy and gain 
enormously in flexibility and adaptability 
in taxonomic practice. Instead of the 
present rigid separation between the 
normal categories on the one hand and 
those ,of experimental taxonomy on the 
other, we shall realise that they differ in 
degree and purpose only, and are all 
equally valid for the overall purpose of 
making inductive generalisations about 
living things. To take a concrete ex- 
ample, Turesson’s ecotype classification, 
and its later modifications, or Danser’s 
categories of comparium, convivium, etc., 
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based on capacity to interbreed, should 
not be regarded as possible rivals of the 
orthodox categories, but as special classi- 
fications equally valid for their own par- 
ticular purposes. In the same way, a 
truly phylogenetic classification, based on 
known lineages, would also take its place 
as a special classification constructed for 
its own particular purpose. 

An ever-increasing volume of data is 
now being produced in the field of experi- 
mental taxonomy, data showing the great 
complexity of the units comprising the ebb 
and flow of evolutionary change. Re- 
cently, Dr. W. H. Camp, in a stimulating 
paper entitled ‘ Biosystematy’ (Brittonia, 
7, 113; 1951), has emphasized forcibly 
the difficulty of fitting the dynamic con- 
cepts of modern experimental taxonomy 
into the orthodox categories of genus and 
species, conceived, as they were, against 


the static background of special creation, 
He hints that these categories may have ty 
be abandoned completely for the special 
purpose of classifying the actual units of 
evolutionary change, and I would strongly 
support this view. Such a course would 
seem almost sacrilegious if we regard the 
orthodox taxonomic categories as an 
attempt at expressing ‘ true relationship’; 
but on the view that I have been outlining, 
that they are human contrivances con. 
structed for human purposes, there is, of 
course, nothing shocking in abandoning 
them if they do not serve the particular 
purpose we have in mind at the moment, 

I do not claim that what I have said 
here is more than the outline of an ap- 
proach to present taxonomic problems, 
and I hope that others may be persuaded 
to join in working out its implications 
more fully. 
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PUBLIG HEALTH AND PREVENTION OF 
DISEASE IN PRIMITIVE COMMUNITIES’ 


by 


Miss S. R. BURSTEIN 


Tue term ‘ public health’ may seem an 
anomaly when applied to primitive com- 
munities. In our society, the term brings 
to mind a long history of development 
of philanthropy and humanitarianism, of 
struggle with vested interests, of dramatic 
discovery and development in preventive 
medicine, of trial and error in the sociali- 
sation of health services. Yet actually it 
is in primitive society that health and 
disease are a matter of ‘the public,’ of 
communal concern from the start. 

Disease, which is older than man, is one 
of the fundamental problems which face 
every society, and every known human 
society develops methods to cope with it. 
At the most primitive culture levels, man 
shares with the animals and with his 
fllow-man of higher cultures certain 
instinctive ways of relief from bodily dis- 
comfort. Such are: cooling a heated 
body, warming a cold one, scratching, 
rubbing or pressing for local irritation or 
pain, extracting a thorn from the flesh, 
raising or resting an injured limb, cooling 
or wrapping a wound. These, added to 
his thorough familiarity with the plants, 
animals and rocks of his environment, 
provide him with a diversity of empirical 
remedies, surgical and manipulative tech- 
niques and instruments to apply them. 
In most tribes, plant and animal medi- 
cines are taken internally in the form 
of decoctions, or applied externally as 
fomentations, poultices, ointments or 
counter-irritants. 

Anthropologists today have travelled 
far since the days when primitive peoples 
appeared as representing the first stage in 
the evolution of human civilisation and 
the study of their medicine might have 
been considered as the study of man’s 


‘ Paper read to Section H on August 10, 1951, 
during the Annual Meeting in Edinburgh. 


earliest reaction to disease. It was an 
attractive theory and an important one, 
stimulating many valuable investigations. 
Today, however, we know that the 
problem is not quite so simple. We know 
that the primitive peoples are far from 
being homogeneous and that they have 
distinct and characteristic configurations 
of culture. The attitude towards disease 
and methods of fighting it vary from people 
to people and tribe to tribe. Disease may be 
of extreme concern to a society, without 
reference or proportion to its prevalence. 
The Navaho Indians are said to spend a 
quarter to a third of their productive time 
in religious ceremonials, most of which are 
concerned with disease. Harley tells us 
that disease and its healing or prevention 
play a preponderant role in the religion 
of the Manos of Liberia. We look at 
disease as a purely biological pheno- 
menon and medicine as the response to it. 
The differences in approach are not 
founded primarily on the prevalence of 
disease in a given tribe. We find dif- 
ferent attitudes combined with much the 
same kind and amount of morbidity and 
in very similar climatic and economic 
conditions. Thus, as Ackerknecht rightly 
points out, medicine has more clearly a 
function of the culture pattern than of 
environmental conditions. These under- 
lying variations and characteristics must 
be borne in mind, but it is still possible to 
make certain generalisations. 


THE CAUSATION AND ROLE OF DISEASE IN 
PRIMITIVE CONCEPT 

Primitive concepts of disease depend on 
the belief in gods, spirits of the dead, 
supernatural force or indwelling spirits in 
the physical world, which affect, control 
or interfere with the life and activities of 
man. The practices of primitive medicine 
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depend on the belief that there are processes 
by which man can compel, placate, cajole 
or expel these beings or powers, or transfer 
them into himself, other persons or certain 
manufactured objects. Aetiology, which 
arises out of the beliefs, is the main object 
of diagnosis and dictates methods of 
treatment as well as prevention. Where 
disease is not an isolated phenomenon 
but ranks with all the risks and accidents 
of daily life, medicine is not an isolated 
practice. Treatments may be carried out 
by private individuals. The medicine- 
man may have other functions such as 
rain-making or the promotion of vegeta- 
tion. He may be as well qualified and 
practised in producing disease as in curing 
it. 

Primitive man rarely attributes disease 
to natural causes. It may be ascribed to 
non-human agency (gods, spirits, unspeci- 
fied hostile forces or spiritual \contami- 
nation) or to human agency, working 
voluntarily through maleficent magic or 
involuntarily through the evil eye ; or it 
may be the automatic result of the 
breaking of a tabu. 

Australian natives generally ascribe 
disease or death to a human agent using 
a pointing stick or bone to project some 
disease-bearing influence into the intended 
victim. In Melanesia, individuals pro- 
tect their property by tabu signs ritually 
prepared to bring some specific illness on 
anyone who infringes the tabu. In Africa, 
nearly all the accidents and disasters, 
including sickness and death, that can 
happen to man are attributed to the 
malicious influence of spirits inhabiting 
earth, water, trees and the whole physical 
world, or to offended ancestral spirits. 

On the other hand, the Solomon Is- 
landers are aware of overeating as a cause 
of indigestion, and several African peoples 
seem to possess definite ideas of causation 
of disease by climatic and other natural 
conditions. The conception of natural 
causation reaches its greatest height among 
the Masai, East Africa, who are said never 
to attribute disease to spiritual agency and 
only rarely to human. (Elephantiasis of 
the scrotum is the only recorded disease 
regarded as a punishment for sin.) 

The second aspect of disease which 
seems to be common to all primitive 
peoples and is of special importance to 
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our present theme is the social réle which 
it plays. With us, disease is a biological, 
individual, non-moral problem. Whether 
a man’s sickness be hereditary, infec. 
tious or degenerative, on the whole, no 
guilt attaches to him. Even in venereal 
diseases, we try to eliminate the moral 
aspect, as it has proved a handicap in 
eradication. Influenza or appendicitis is 
not usually associated with one’s behaviour 
towards one’s neighbours or one’s family, 
or a breach of a religious code. With the 
primitive, the sick man can be the centre 
of a whole system of social tensions, 
Treatment and prophylaxis are directed 
by diagnosis. This is directed to dis 
cover (1) the original remote cause of 
illness: the tabu or totemic ordinance 
broken, the ancestor or spirit or god 
offended, the human agent working 
hostile magic ; (2) the immediate cause : 
the presence of disease-bearing influence, 
possession by spirits of disease, loss of 
soul or kidney fat, etc. ; (3) the form of 
expiation or other activity on the part 
of patient or practitioner or family or 
community indicated for recovery. 

Thus a seemingly independent biological 
problem is woven into the whole socio- 
religious fabric, in such a way that dis- 
ease, its prevention and healing play a 
tremendous social réle. 

In many primitive societies disease 
becomes the most important social sanc- 
tion. Peaceful living with neighbours, 
abstention from adultery, keeping the 
laws of gods and men, are essentials in 
order to protect oneself and one’s family 
from disease. 


PROTECTIVE PROCEDURES AGAINST 
DIsEASE 

Medicine, in our sense, at primitive 
culture levels, is only one phase of a set of 
processes to promote human well-being: 
averting the wrath of gods or spirits, 
making rain, purifying streams or habita- 
tions, improving sex potency or fecundity 
or the fertility of fields and crops—in 
short, it is bound up with the whole 
interpretation of life. 

Illness believed to be caused by magic 
must be prevented by counter-magic. 
The simplest and most widespread pro 
phylactic is the amulet. A vast variety 
of natural and manufactured objects, 
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believed by virtue of their nature, style, 
shape or by certain ritual handling to have 

wer, are worn by individuals, especially 
children, and hung on domestic animals 
or dwellings to avert disease. 

In Africa, care is taken to guard against 
the all-pervading spirits in every aspect 
of life. Among the Bayaka tribe of the 
Belgian Congo, effigies are made to avert 
specific diseases or remedy misfortunes 
caused by spirits. The application of 
magical substances to certain parts of the 
bodies of the effigies helps to increase 
their power. Among the Kiwai Papuans 
of British New Guinea, a carved and 
painted board called a ‘Gopi’ is hung 
outside the two main entrances of the long 
houses to protect the inmates against 
sickness. It should be hung by a string, 
thus allowing it to turn in any direction 
from which sickness may be expected. 
In the Nicobar Islands, effigies in human 
form and in a menacing attitude are made 
in times of sickness, under the orders of 
the medicine man (menluana), to frighten 
away the bad spirits that caused the sick- 
ness. If the patient recovers, the image 
is regarded with favour and kept for 
further services. If he dies, it is thrown 
into the jungle. 

The seasons of prevalent minor ailments 
are generally sufficiently well recognised 
to be made the occasions of ritual pre- 
cautions. The Samoyed Shamans hold 
solemn magical performances every year 
on the approach of winter, when disease 
begins to appear. Among the Lango of 
Uganda, a ceremony called ‘ the driving 
away of disease ’ takes place yearly at the 
time when the millet is ripening and also 
at other times on the outbreak of sickness. 

Many funeral rituals are intended to 
placate the spirits of the dead and to 
prevent them from harming the living, 
since they are a potent cause of disease. 

In Polynesia, and wherever we en- 
counter the concept that disease is a 
sanction for the breaking of a tabu, the 
individual moves with caution, looking 
out for tabu signs which are placed to 
protect trees and fruit. 
Mixep RatIONAL AND NON-RATIONAL 

PROCEDURES 

The protective procedures so far dis- 

cussed are logically consequent on the 


belief in non-natural causation of disease. 
Certain procedures have positive thera- 
peutic or prophylactic value, though 
explained on a basis of a non-natural 
causation. People may avoid the un- 
clean from simple discomfort. Thus 
Australian camps are clean because, if 
they become too bad for convenience, the 
group simply moves on. The same is 
reported for the Kubu of Sumatra. The 
more common cause of avoidance is fear 
of spiritual pollution. Thus what amounts 
to a quarantine of the sick may be secured 
through fear of the ghost or disease spirit, 
or fear of the pollution of tabu. To this 
we may attribute the practices of abandon- 
ing the dying or carrying them outside 
the house, which will save the house from 
having to be destroyed or abandoned. 
Among the Maori, the remains of the dead 
and all connected therewith are tabu. 
The association of food with anything 
tabu would be the cause of profound 
horror. 

In various parts of Africa (Nigeria, 
Sierra Leone, South-East Sudan, Tan- 
ganyika), smallpox patients and contacts 
are isolated in separate villages built for 
the purpose. The patients are looked 
after by people who have already had the 
disease, as it has been observed that no 
one gets it twice. ‘The clothes are buried 
with those that die ; if patients recover, 
they bathe and wash their clothes in sea- 
water before using them again. Among 
the Batetala of the Congo, syphilis victims 
are driven from the village and compelled 
to live alone in the bush. The Fanti of 
West Africa give syphilitic ulcerations a 
name which means ‘ isolated,’ and send 
their patients into the bush for treatment. 
On the other hand, of Congo natives it is 
reported that the women are fond of 
tending the sick, and the house of a sick 
person may be full of visitors, attendants 
and advisers, so that if the complaint is 
infectious, it quickly spreads through the 
town. With the belief that no one can 
take disease unless bewitched, isolation 
and precautions have no meaning. 

Supernaturalism in general is inevitably 
an obstacle to technical improvements in 
medicine. But it sometimes brings unin- 
tended by-products of a hygienic value. 
Such are circumcision, certain forms of 
sex hygiene and other sanitary measures. 
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A striking example of a public welfare 
measure arising out of particularly strin- 
gent tabus has been dealt with by Acker- 
knecht. His sources are Bogoras (The 
Chuckchee) and Junod (The Life of a South 
African Tribe). Both these sources are 
classics and available to all of us, but it 
took a doctor to notice the significance 
of the invention of an incubator for pre- 
mature births by two peoples as widely 
different as the Asiatic Eskimos and the 
Thongas of South Africa. Bogoras de- 
scribes the Eskimo technique as follows : 
‘A baby born prematurely is put into the 
soft skin of a big sea bird. This skin, 
taken off whole and turned, has the 
feathers inside. Then it is tied very 
securely and hung over a big lamp in 
which a small flame is kept constantly 
burning. Of course, in doing this, they 
take care that the child’s head shall be in 
a proper position. In this position, the 
babe is kept for from a week to four weeks, 
during which time it is fed with small 
quantities of oil, as well as with mother’s 
milk drawn from her breasts. Little by 
little the portion of milk is increased and 
at last the babe is allowed to suck.’ 

Junod’s description of the Thongas’ 
technique is as follows: ‘ When a child 
is born prematurely and is very small and 
delicate, he is wrapped in the leaves of the 
castor oil plant and put into a big pot, 
which is then exposed to the heat of the 
sun. This is a true incubator and the 
treatment is said to be attended with 
success.” 

Since both these widely different tribes 
have a high birth-rate and the Eskimos 
even practise infanticide, there was no spec- 
ial biological incentive for the invention. 
The common factor seems to lie in the 
field of tabu. According to Boas, among 
the Baffin Land Eskimos, it is believed that 
miscarriage can cause misfortune to the 
community by failure of the fishery or 
some other disaster. A similar tabu in 
South Africa is vouched for by Smith and 
Dale, according to whom it is only to be 
atoned for by all kinds of tabu restrictions 
and purification rites. Therefore, if there 
is such danger to the community in mis- 
carriage, the people are interested in 
avoiding it or related abnormalities like 
premature birth, by attempting to rear 
the premature child. 
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DomEsTIC AND PERSONAL HYGIENE anyp 
PREVENTION OF DISEASE 

A concept which attributes disease ty 
non-natural causation makes it difficul 
to avoid concentrating on the magical and 
ritual behaviour which necessarily arise 
to combat it. That is not to say, how. 
ever, that the members of primitive com. 
munities have not certain habits and 
measures of definite hygienic and health. 
protective values. These are not regarded 
as in any way remedial or medical and 
may be dictated—like empirical remedies 
—by the experience of resultant comfort, 

Emetics and purgatives are known and 
enemata of various shapes, of wood, horn 
and ivory, are made and applied. Among 
the Manos of Liberia the men have a hot 
bath every day. The women bathe them. 
selves and wash the family clothes in the 
river. ‘Teeth are cleaned regularly, with 
a fibre pad among the Zulu, with sticks 
with frayed ends in Nyasaland, with 
wooden chew-sticks in Senegambia. Skin- 
scrapers and strigils of steel, horn and 
ivory are used in the Zambesi and Congo 
regions. Women delouse their children’s 
and husbands’ hair, and hair-combs have 
a hygienic as well as a cosmetic use. 

Food is prepared and preserved for 
storage. The ‘ pemmican’ of the Plains 
Indians is the best-known example of 
preserved food ; buffalo meat is dried, 
pounded with mauls, packed tightly in 
bags and sealed against insects and damp 
with melted fat. The Maori stored their 
food in lofts four feet high, except their 
staple food, the sweet potato, which was 
stored in pits. 

Certain preventive and protective mea- 
sures are used which are regarded as 
so homely and obvious as not to come into 
the category of medicine. The Manos 
smear red palm oil and the leaf of a certain 
plant on feet and ankles to prevent 
ground itch or hookworm. The Nubas 
of the Nilotic Sudan wear pattens as a 
preventive against guinea-worm disease. 
Believing that the guinea-worm enters 
the foot, they are particularly careful of 
their feet during the epidemic season 
of this disease, standing as little as 
possible in stagnant water and wearing 
high pattens strapped to the feet with raw 
hide. 

Even the simplest of apparently rational 
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activities are not always separable from a 
supernatural element. When Rivers saw 
on Eddystone Island what seemed a 
highly practical application of abdominal 
massage for constipation, he learned that 
the object of the treatment was to drive 
out an octopus that had gripped the 

tient’s vitals. While the Manos make 
practical use of the tourniquet for snake- 
bite, they also safeguard the outcome 
wih a band of white clay round the 
bitten limb. 

It is of profound interest to find in 
Africa an effective method of preventive 
inoculation of smallpox. Foy, a doctor 
practising in Nigeria in 1915, observed at 
Djen—and reported in the medical press— 
the traditional practice of this inoculation 
during a smallpox epidemic. Lymph, 
taken from a case of discrete smallpox on 
the ninth day, was applied to an incision 
of about three-quarters of an inch on the 
forearm. Of those inoculated during 
the period of observation, the greater 
number developed local reactions only ; 
there were no fatalities among those who 
did develop smallpox. A simple but 
detailed magical procedure to ensure 
success accompanied the operation. 


PRIMITIVE MEDICINE AND MODERN 
ANTHROPOLOGY 


To governments, missions, medical 
groups seeking to influence or control 
indigenous customs, to foster what seems 
valuable and check what seems dele- 
terious to progress, there is no doubt of 
the value and necessity of understanding 
primitive medicine. But in this con- 
nection I should like to quote two cau- 
tionary tales in regard to assumptions and 
interpretations of primitive attitudes. Both 
relate to the subject of sanitation. 

The American doctor, S. M. Lambert, 
who in 1920, under the auspices of the 
Rockefeller Foundation, began a terrific 
and successful campaign against hook- 
worm in the South Seas, is responsible for 
the first story. He writes ; 


One evening we paused for rest on the 
tangled brow of a high mountain in 
New Britain. Incidentally that had 
been a most interesting day; I had 
found rather puzzling evidences of 
modern sanitation. The tribe here was 


fierce, savage, cannibalistic—and _sur- 
prisingly free from intestinal parasites. 
At some risk I searched behind the 
village houses and found latrines as 
scientifically constructed as if endorsed 
by the International Health Board ! 
The pits were dug twenty-five to thirty 
feet into the soil, and over them was a 
support of timber. The deposit fell so 
far underground that hookworm larvae 
had no opportunity to invade the sur- 
face. The common house-fly, bearer 
of dysentery and typhoid, dared not 
penetrate that dark well. Rude screens 
separated the men’s latrine from the 
women’s. My compliments to the wise 
old witch doctor who invented that. 

... I tried to find out who had 
taught them, but all I got was: ‘ It is 
the fashion.’ 


The second story I quote from Kenneth 


Bradley’s The Diary of a District Officer in 


Northern Nigeria. 
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He writes : 


The African is a nomad. He pulls 
down his village and makes a new 
one a few hundred yards away every 
four or five years. . . . Usually. . . he 
moves simply because his old village 
has begun to smell and to be infested 
with vermin. The village has become 
insanitary largely through the fouling 
of the surrounding bush... . Well, 
if you can persuade each family to make 
a pit-latrine for itself, and so remove 
the principal cause of unpleasantness 
in the village the people soon begin to 
take more trouble in the cleaning of 
their houses. Then they find there is 
no need to move the village so often, 
and they begin to build more per- 
manent and elaborate houses. It also 
becomes worth their while to plant 
slow-maturing fruit trees. . . . But (he 
adds) one has to be careful. I remem- 
ber once touring among a very primi- 
tive tribe. They had no latrines. I 
explained the advantages of them very 
carefully and went on my way. Two 
months later my colleague visited the 
same area. To his amazement and 
delight he found a row of brand new 
latrines behind every village. He com- 
plimented the chief on his sanitary 
putsch and set off to inspect the 
things. They were deep and altogether 
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admirable—but not one of them had 
been used. 

‘ Oh, no,’ explained the chief blandly, 
‘of course we could not use them. 
Supposing someone came in the night 
and put medicine in my latrine ? ’ 

‘Then why did you build them ?’ 

The old man shrugged expressive 
shoulders. ‘ The Bwana wanted them. 
He knows his own heart.’ 


I leave these two tales to point their own 
moral ! 

To anthropologists of today, in some- 
what extreme reaction from the evolutional 
school, this survey of the concept of 
disease and its prevention among primi- 
tive peoples may seem to present some of 
the old dangers of extracting data from 
their context and placing them side by 
side to build an artificial history of institu- 
tions. So aware are we today of the 
diversity of primitive cultures that the 
tendency now is to describe the whole 
pattern with the parts within it, rather 
than to make cross-sectional studies of 
such subjects as law, religion, medicine. 
Ackerknecht has made a graphic study 
of the culture pattern and medicine of 
three tribes, the Cheyennes, Dobuans and 
Thongas, in Primitive Medicine and Culture 
Pattern, showing how the concept of 
causing or preventing disease is part of 
the framework of the life of the tribe. 
There can be no doubt, however, that the 
terms and concepts of disease, healing 
and prevention of new disease are very 
much the same in all primitive cultures 
and vary only in their combination. 
Whether as anthropologists we are inter- 
ested in the combinations of the elements, 
or whether as historians of medicine we 
are interested in the elements themselves, 
is merely a matter of objective. 


PRIMITIVE CONCEPT OF DisEASE IN RE- 
LATION TO PuBLIC HEALTH AND 
PROPHYLAXIS 


If this account has seemed to deal more 
with the concept and treatment of disease 
than with measures for preventing it, this 
is unavoidable because of the totalitarian 
character of primitive medicine. Diag- 
nosis, treatment and prevention are not 
to be separated. 


To repeat and summarise : the concept 
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of non-natural causation attributes diseas 
to automatic retribution for the breaki 
of a tabu, neglect of a personal or family 
deity or ancestors, disobedience cull 
the head of the family ; or, again, to the 
malignant agency of ancestral spirits, , 
specialised disease spirit or non-specified 
spirits always harmful unless propitiated 
with due ritual ; or, finally, to a human 
enemy working maleficent magic in either 
revenge or malice. 

Treatment and prevention, therefore, 
are equally and inextricably dependent 
on knowledge of causes. Where {oy 
centuries fever has been attributed to 2 
malignant spirit and now the white doctor 
says it is caused by the familiar mosquito 
or some organism too small to be seen, 
doctor and patient are likely to regard 
each other as stupid and superstitious. 

The revolution involved in_ native 
thought and belief is a serious factor to be 
reckoned with in the establishment of 
effective health organisation. The social 
role of protective and curative ritual and 
of the theory of disease is largely respon- 
sible for their persistence. For instance, 
among the Didinga, according to Driberg, 
to enter a village bloodstained is a serious 
offence : the blood shed in anger attracts 
the malignant attention of the spirits of 
the dead. The offender has to sacrifice 
a goat to purify the village which he has 
polluted, but even so the sacrifice may 
prove to have been too late. If even 
several years later, one of the inhabitants 
dies, the offender has to pay full compensa- 
tion as for murder, for his action is con- 
sidered as the ultimate cause of the death. 
It is beside the point to say that he died 
of smallpox. This is known and he was 
treated medically for this disease in his 
last illness. The ultimate question 1s: 
Why was he so afflicted ? And everyone is 
abundantly sure that the affliction could 
have been avoided had certain preventive 
rituals against pollution taken place at 
the right time. 

Further the non-empirical character of 
primitive medicine provides its practi- 
tioners with an authoritarianism which may 
well enhance its curative powers. Certainly 
the lack of this authoritarian sureness on 
the part of the public health worker or 
doctor does not help belief in or acceptance 
of the introduced techniques. 
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On the other hand, there is increasing 
recognition on the part of ethnographers 
of the sociological and economic impor- 
tance of tabus. In health matters, they 
are sometimes so useful that they are 
regarded wrongly as conscious health 
measures: for instance, the hiding of 
excrement and the abstinence from sexual 
intercourse during the nursing period. 
Crawley has referred to ‘the fallacy of 
gnitary intention.’ Nevertheless, with 
or without sanitary intention, in our sense, 
gal cleansing and purification from 
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spiritual and physical pollution unques- 
tionably have their value. 

We are not so far removed from the 
basic principles of modern psychotherapy 
where the first questions of the diagnos- 
tician seek to find if you are at odds with 
god, spirit or man; where confession is 
both healing and prophylactic, for your- 
self and your kin ; and where one of the 
first rules of health is—not to take care 
to avoid sitting in a draught or getting 
your feet wet—but to live at peace with 
your neighbour. 
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CURRENT TRENDS IN PSYCHOLOGY 


At the Association’s annual meeting in Edinburgh (August 8-15, 1951) the programme 
of the Psychology Section consisted of reviews of current trends in general psychology 


(two sessions), occupational psychology (one session), social psychology (one session) | 


educational psychology (two sessions) and clinical psychology (two sessions). The 
Section also contributed to joint sessions with other Sections on the senses and behaviour 
of animals and on life and work in extreme environmental conditions. The review 


papers will be found in a volume entitled Current Trends in British Psychology, published | 


by Methuen (1952) ; and there were two articles in Nature, 168, 370 and 593 ( 1951) 


The following are abstracts of the papers. 


GENERAL PsyCHOLOGY 
The Place of Experiment in Psychology 
by 
Prof. R. C. Oldfield 


Ir is vital to future progress in psycho- 
logy that it should rest upon a firm and 
coherent experimental basis. But the 
classical canons of experimental method 
are necessary, not sufficient, conditions of 
progress, and adherence to them does not 
in itself guarantee it. A science moves 
forward when a peculiar concrete relation- 
ship develops between one experiment and 
the next, and between experiment and 
theory. Psychology has hardly yet en- 
tered this phase, and at present demands 
observational opportunism, insight, and 
ideas from other fields, as well as impec- 
cably conducted experiment. 

These points were illustrated by ex- 
amples drawn chiefly from the psychology 
of perception. 


Tue PsycHoLoGy or MOTIVATION 
by 
Prof. A. Rex Knight and 
Mr. A. J. Laird 


One of the most conspicuous trends in 
recent British psychology has been the 
shift of emphasis from cognition to moti- 
vation—to the question : ‘ Why do people 
act as they do?’ Current theories of 
motivation, such as, for example, the 
pyschoanalytic, the neurological, and the 
culture-pattern theory, employ different 
sets of explanatory concepts. Some of 
these differences are merely verbal, but 
others are due to different views about the 
causes of behaviour. Although a plurality 
of theories may be as inevitable, and as 
profitable, in contemporary psychology 
as in contemporary physics, a unified 
theoretical framework is ultimately to be 
desired and sought. 
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TEACHING OF PsyCHOLOGY 
by 
Prof. J. Drever 


THOsE responsible for teaching psychology 
in this country are at present faced witha 
dilemma. On the one hand, courses in 
psychology conform to the usual pattern 
for Arts or Science degrees while, on the 
other, the kind of work that is developing 
for psychologists in the field seems more 
and more to demand something in the 
nature of professional training. It would 
appear that the only answer is to expand 
graduate teaching. Some suggestions 
were made as to the directions which such 
an expansion might take. 


Presidential Address 
PsyCHOLOGY AND THE LAITY 
by 
Prof. C. A. Mace 


Tue Presidential Address was published 
in The Advancement of Science, No. 30, pp. 
204-213. 


FuRTHER ON INDIVIDUAL 
DIFFERENCES IN COLOUR VISION 
by 
Dr. R. W. Pickford 


A Survey of at least 10,000 men and boys 
and as many women and girls would be 
required to obtain satisfactory data to 
sample the distribution of colour vision 
variations in the British Isles. It would be 
necessary to give them individual tests of 
red-green and of yellow-blue vision by an 
adequate psycho-physical technique with 
a suitable anomaloscope. The popula 
tions to be tested should be arranged to 
enable age, sex, occupation, race, geogra- 
phical position, intelligence, art training, 
interests and personality differences to be 
taken into account in the conclusions. In 
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addition the pedigrees of as many colour- 
blind women as possible should be studied, 
because 10,000 taken at random would not 
provide enough colour-blind women for 


this purpose. 


PsycHOLOGY AND THE PREVENTION OF 
INDUSTRIAL ACCIDENTS 


by 
Mr. C. A. Oakley 


How to prevent workpeople hurting 
themselves and other people continues to 
be perhaps the greatest problem to which 
industrial psychologists can offer no 
slution. This paper, which was pre- 
pared in consultation with some whose 
duties are particularly concerned with 
the prevention of industrial accidents, 
reviewed the subject under such headings 
as inculcating safety habits, improving 
working conditions, retraining, accident 
proneness characteristics, psychosomatic 
studies of accident habits, distractions and 
perversity. 


BELIEF IN A STANDARD OF JUDGMENT AND 
its INFLUENCE ON PERSONAL PREFERENCE 


by 
Miss M. M. Lawlor 


EXPERIMENTS are reported which suggest 
that the attempt to formulate a ‘ better ’ 
or more expert standard of judgment than 
one’s own may be followed by a change of 
preference in that direction. The con- 
verse is found when ‘ worse ’ standards are 
formulated. External suggestions of ‘ ex- 
pert’ and ‘inexpert’ standards seem to 
have less influence than those imagined by 
the subject himself. Ability and readiness 
to imagine a standard other than that 
implied by one’s own present preference, 
and readiness to be influenced by it, 
appear to be affected by age and by degree 
of interest in the topic (a finding that may 
be relevant to educational practice). 


ATTITUDES TOWARDS PERSONAL AMBITION 
by 
Miss S. B. N. Shimmin 
Tuts paper was concerned with an exam- 
ination of influences which determine 


personal ambitions. Detailed studies sug- 
gest the importance of conflict between 
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the aims of individuals, long-term and 
short-term goals, the social setting, and the 
valuation of such matters as status and 
career. The material was derived from 
an intensive investigation in which both 
interviewing and projection techniques 
were used. 


OCCUPATIONAL PSYCHOLOGY 


FIELD RESEARCH IN INDUSTRIAL 
PsyCHOLOGY 


by 
Dr. C. B. Frisby 


RECENT field research in industrial psycho- 
logy has tended to deal to a greater extent 
than in the past with more purely psycho- 
logical problems as opposed to those with a 
marked physiological bias. ‘The methodo- 
logical problems raised by such inquiries 
were discussed primarily in the light of the 
experience gained by the N.I.I.P. during 
three fairly large-scale researches which 
had been in progreess for the past three 
years. 


APPLICATIONS OF PsyCHOLOGY IN THE 
DEFENCE SERVICES 


by 
Dr. N. A. B. Wilson 


THE subject developed with special, but 
not exclusive, reference to the Royal Navy. 
So far as possible new material was 
presented, but references to Vernon and 
Parry’s ‘ Personnel Selection in the British 
Forces’ were inevitable. Current main 
preoccupations of Service psychologists 
included : manpower problems (in terms of 
quality) ; job studies, and the provision of 
criteria for evaluation of changes train- 
ing problems ; the improvement of inter- 
views ; and the documentation of Service 
men and women. Such items were 
considered within a brief general descrip- 
tion of psychological work in the Services. 
APPLICATIONS OF PsyCHOLOGY IN THE 
Civit DEPARTMENTS 


by 
Dr. E. Anstey 
FULL-TIME psychologists were introduced 
in the Civil Departments in 1945, and a 


class of ‘ established’ psychologists was 
set up in 1950. They played a major part 
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in the development and follow-up of the 
Civil Service Selection Board, and two 
Principal Psychologists are at present 
serving on the Board. The Civil Service 
Commission’s Research Unit deals mainly 
with job analysis, follow-up, and the 
construction and validation of ‘ new- 
style’ tests for a variety of grades from 
Administrative to Postmen. In the Prison 
Commission there is a small, but rapidly 
expanding, staff of clinical psychologists, 
and a few psychologists also work in other 
departments, e.g. on social surveys. 


VOCATIONAL GUIDANCE IN BRITAIN 
by 
Mr. A. Rodger 


Procress in the field of vocational guid- 
ance was seriously hindered by the war. 
Post-war recovery has been slow, but a 
dearth of labour has increased Govern- 
ment interest in the guidance of the 
disabled and the young. This is shown in 
the work of the Industrial Rehabilitation 
Units of the Ministry of Labour and in the 
intentions of the Central Youth Employ- 
ment Executive. However, these bodies, 
like the National Institute of Industrial 
Psychology, are still concerned mainly 
with development rather than with re- 
search. Research programmes, linked 
with arrangements for the training of 
psychologists in vocational guidance, are 
now being undertaken by some university 
departments, particularly in London, 
Edinburgh and Liverpool. These pro- 
grammes display an increased interest in 
fundamental problems (e.g. the criteria of 
occupational success) and in the need for 
collaboration between psychologists, other 
scientists, and administrators. 


SOCIAL PSYCHOLOGY 


SocraL ATTITUDE RESEARCH 
by 
Dr. H. J. Eysenck 


SociaL attitudes assume importance in 
democratic societies, and their accurate 
measurement becomes a scientific problem 
of some urgency. The paper summarised 
recent work on the organisation of 
attitudes, their relationship to political 


84 


party membership, age, sex, education, 
social class, personality, and also with the 


differences introduced into the comple} 


structure of attitudes by differences jp 
culture patterns. 


PERSONALITY TESTS AS RESEARCH Tools 
by 
Dr. H. T. Himmelweit 


IN recent years considerable strides have 
been made in the refinement and standard. 
isation of existing personality tests, the 
development of new ones (to measure such 
traits as suggestibility, persistence and 
level of aspiration), and in the application 
of such tests to clinical and sociological 
research problems, e.g. to what extent 
does neurosis differ qualitatively as well as 
quantitatively from psychosis ; how far 
does the pattern of test responses given by 
adults resemble that of children ; what 
personality changes occur after leucotomy; 
to what extent is personality genetically 
determined (twin studies), and_ how 
different are the personality characteristics 
of children from different social classes? 


SoctaAL CHANGE IN STRUCTURED Groups 
by 
Dr. A. T. M. Wilson 


Stupy of social process in reality situations, 
and in terms of the psychological and social 
forces concerned, raises problems of access 
for direct observation. Resistance to 
access may be balanced out by the need of 
a structured group for assistance in 
facilitating desired change, and _ provide 
one set of circumstances in which access 
may become possible. In response to a 
request for technical collaboration in 
tackling a group problem, the research 
worker may take up a role whose existence 
and independence derive from its respon- 
sible professional character. Use of such 
roles may facilitate social change by the 
communication of insights derived from 
observation equally available to the 
group concerned and to the research 
worker. 

The scope and limitations of such an 
approach, in the study of social change in 
structured groups, was illustrated from the 
work of one organisation employing it. 
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Tue SocIAL PsycHOoLOGY OF EVERYDAY 
LIFE 


by 
Prof. T. H. Pear 


A,THOUGH in the last twenty years great 
interest has been taken in the study of 
sciety, many subjects of obvious interest 
and importance have not been studied in 
detail by social psychologists. The fact 
that they are also of sociological and 
economic importance suggests that to 
ascertain the cause for the neglect may be 
aninteresting problem in social psychology. 
Examples are the psychological factors 
tending towards peace and war, the sub- 
jective experiences and objective behav- 
jour connected with membership of social 
classes, strata and elites, manners and ways 
of speaking. Some account was given of 
experimental investigations of tendencies, 
in England, to associate locality, occupa- 
tion and social class with ways of speaking. 


EDUCATIONAL PSYCHOLOGY 


INTELLIGENCE TESTS IN SOCIOLOGICAL 
SURVEYS 


by 
Dr. J. Maxwell 


SEVERAL surveys of the social conditions 
of the population have been made for 
some time past, but it is only recently 
that attempts have been made to assess 
the relationship between intelligence and 
social conditions. Though certain fairly 
clear relationships emerge, it is not easy 
to assess their full significance, as the 
tests used are not measures of ‘ pure’ 
intelligence. 

Various methods of ascertaining the 
intellectual level of the population were 
discussed. 


EDUCATIONAL SELECTION AND ALLOCATION 
by 
Mr. D. McMahon 


A BRIEF survey was given of the present 
Practice in educational selection and 
allocation, at the 11 + and 12 + stage and 
for later educational courses including 
universities. The results of recent rele- 
vant researches were quoted. Attention 
was drawn to trends and ‘ growing edges,’ 
and the implications of some of these 
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were examined. Suggestions for further 
development and research were made. 
STATISTICAL ANALYSIS IN EDUCATIONAL 
RESEARCH 


by 
Sir Cyril Burt and Dr. C. Banks 


IT is often supposed that statistical psycho- 
logists are preoccupied with the applica- 
tion of quantitative tests, and that statisti- 
cal psychology forms a separate branch or 
school. Our contention is that statistical 
methods are merely an attempt to render 
ordinary logical proofs more precise and 
more conclusive, and that statistical 
psychology cannot be divorced from other 
branches of psychology. 

Critics also commonly suppose that 
in education and psychology statistical 
methods are limited to the techniques of 
correlation, factor analysis, and the use of 
the normal curve and its constants. But 
there are many recent statistical pro- 
cedures, less well known, which can be 
of great help in educational research, 
particularly in the non-cognitive fields. 
Both these contentions were illustrated 
by concrete studies of practical problems. 


Tue PsycHo.tocy or Basic EDUCATIONAL 
TECHNIQUES AND ITS BEARING UPON 
REMEDIAL EDUCATION 
by 
Dr. W. D. Wall 


THE psychology of learning the basic 
educational skills (oral and written English, 
reading and arithmetic) in the primary 
schools. Cognitive abilities involved. The 
role of interests and motivation. Social 
factors. Specific errors and their relation 
to physical, physiological, cognitive and 
emotional difficulties. The causation of 
backwardness and retardation in children 
of average or superior general ability. 
Organisation for remedial education ; 
remedial techniques. Methodological 
difficulties of evaluation. 


DEVELOPMENTAL LEVEL AND ADJUSTMENT 
IN CHILDHOOD AND YOUTH 


by 
Prof. J. E. Anderson 


ELEVEN personality and adjustment mea- 
sures containing 600 items were given 
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to 3,000 children 9 to 18 years of age 
in order to: prepare a short screening 
measure for use in mental health surveys ; 
study age trends in adjustment; and 
furnish a base for a subsequent follow-up. 
Measures of maturity which change 
significantly with age are found in adjust- 
ment to the family, responsibility for work 
and interest pattern. Responses to com- 
munity standards and to ‘ psychoneurotic ’ 
items show little change with age. Posi- 
tive relations with court and social agency 
referrals and maladjustment in school 
indicate that screening for guidance can 
be done. 


CLINICAL PSYCHOLOGY 
CLINICAL PsyCHOLOGY 
by 
Miss M. A. Davidson 


Tue following points were considered : 
(1) the scope of the work of clinical psy- 
chologists employed in different fields, viz. 
school psychological service Child Guid- 
ance Clinics, General and Mental Hospi- 
tals, and in research projects in University 
departments or elsewhere. (2) An outline 
of the general methods of carrying out 
routine diagnostic investigations. (3) The 
present techniques used in clinical psy- 
chological work; their usefulness and 
limitations. (4) Present trends in the 
training of clinical psychologists. 


ScIENTIFIC TASKS FOR THE PsyCHOLOGICAL 
CLINIC 


by 
Dr. J. D. Sutherland 


THE greatest need in psychology is for an 
acceptable dynamic theoretical approach 
to personality through which can _ be 
related the individual’s basic needs with 
the forces arising from his relationships 
with others. The lack of such an approach 
would seem to be due to the fact that 
essential forces in interpersonal relation- 
ships, those in the individual’s private 
world, are not accessible to systematic 
study in the laboratory, whereas in the 
therapeutic setting of the clinic, where 
they are accessible, they are seldom 
observed scientifically. A first task in the 
psychological clinic is therefore to develop 
a ‘clinical laboratory’ in which thera- 
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peutic aims can be combined with ef 
perimental studies on interpersonal pp 
lationships. In this way a basis can 

established for ‘dynamic units’ wi 


which to describe and ‘explain’ th 
individual With such units identified, ) 
fresh light would be cast on many of th} 
major problems in personality work, es} 


assessment. Some attempts in this dire, 
tion carried out in the Tavistock Clini 
were described. 


PsyCHOLOGICAL PROBLEMS AND MET#Oon 
IN THE NEUROLOGICAL FIELD 


by 
Mr. O. L. Zangwill 


Injury or disease of the brain is liable 
give rise to a variety of psychological 
changes, some of which are well adapted 
to experimental study.- Some problems in 
course of investigation at the Psychological 
Department of the National Hospital 
London, and in the Department of Neuro. 
logy and Neurological Surgery at Oxford, 
were briefly discussed. ‘These included 
problems of lateral dominance, with 
special reference to handedness and 
aphasia, problems of visual perception and 
understanding, and problems of memory 
disturbance associated with cerebral lesion. 
Some implications of the findings for 
neurological diagnosis, rehabilitation and 
resettlement were mentioned. 


EXPERIMENTAL STUDIES IN PsyCHIATRY 
by 
Dr. S. Crown 


THIs paper was concerned with exper: 
mental studies of physical methods of 
treatment in psychiatry. Psychometric 
and other studies of personality changes 
following neurosurgical operations and 
electric convulsive therapy were 
sidered. Early studies were mentioned 
briefly, and the methodological limitations 
of these were emphasised. The mai 
body of the paper was concerned with 
contemporary British studies, special refer- 
ence being made to researches undertaken 
at the Institute of Psychiatry (Maudsley 
Hospital). Emphasis was upon the theo- 
retical background of these investigations, 
on their design and on the statistical 
evaluation of the results. 
was discussed. 


Future research 
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